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Venom Week VI was held at Texas A&M University, Kingsville, Texas, and
was sponsored by the North American Society of Toxinology. The meeting
was attended by 160 individuals, including 14 invited speakers, and rep-
resenting eight different countries including the United States. Dr. Elda E.
Sanchez was the meeting Chair along with meeting coordinators Drs.
Daniel E. Keyler, University of Minnesota and Steven A. Seifert, University
of New Mexico, USA.

Newly elected NAST officers were announced and welcomed: President,
Carl-Wilhelm Vogel MD, PhD; Secretary, Elda E. Sanchez, PhD; and Steven
A. Seifert, Treasurer.

Invited Speakers:
Glenn King, PhD, University of Queensland, Australia, Editor-in-Chief,
Toxicon; Keynote speaker
Bruno Lomonte, PhD, Instituto Clodomiro Picado, University of Costa Rica
Stephen P. Mackessy, PhD, University of Northern Colorado, USA
Juan Calvete, PhD, Instituto de Biomedicina de Valencia, Valencia, Spain
Kristin Wiley, MS, Kentucky Reptile Zoo, USA
Sean P. Bush, MD, East Carolina University Brody School of Medicine, USA
Michael Peterson, DVM, Reid Veterinary Hospital, Albany, Oregon, USA
Andreas Hougaard Laustsen, PhD, Technical University of Denmark
Jeff Ettling, PhD, Sedgwick County Zoo, Wichita, Kansas, USA
Darin Rokyta, PhD, Florida State University, USA
Danielle Drabeck, PhD candidate, University of Minnesota, USA
Michael Schaer, DVM, University of Florida, College of VeterinaryMedicine,
USA
H. Lisle Gibbs, PhD, Ohio State University, USA
Ray Morgan, Lake Arenal, Costa Rica

Toxicon awards were provided for the best clinical presentation and the
best research presentation. The best clinical presentationwasWhen Swiss
Cheese Almost Kills A Child: A Particular Case Of Severe Envenomation
Of A Child By an Eastern Coral Snake, Benjamin Abo, MD, University of
Florida College of Medicine, Gainesville, FL, and the best scientific presen-
tation was Synergism Among Genomic, Transcriptomic, And Proteomic
Approaches To The Study Of Venom Composition And Evolution,
Darin Rokyta, PhD, Florida State University, Tallahassee, FL.

Texas A&M University, Kingsville provided additional awards for the best
undergraduate student presentation, and the best graduate presentation
(PhD), which were Purification And Characterization Of Snake Venom
Cysteine-Rich Secretory Proteins (svCRiSPs) From 5 Different Species Of
North America Venomous Snakes, Andrew Morales, UG Student, Texas
A&M University-Kingsville/NNTRC, Kingsville, TX, and Identification And
Characterization Of The Cell Surface Targets Of The Snake Venom
Myotoxin, Crotamine, That Mediates Its Anti-Proliferative Activity In
Cancer Cells, Chunhui Yin, Texas A&M University Health Science Center,
Houston, TX, respectively.

Venom Week VII will be held in 2020 at the University of Florida, Gain-
esville, Florida, and organized by Drs. Alfred Alequas and Michael Schaer.

Appreciation is extended to Elsevier and Toxicon for their excellent sup-
port, and to all Texas A&MUniversity, Kingsville staff for their outstanding
contribution and efforts to make Venom Week VI a success.
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Abstracts
Basic and translational research
THIRD GENERATION ANTIVENOMICS: PUSHING THE LIMITS OF THE IN
VITRO PRECLINICAL ASSESSMENT OF ANTIVENOMS

D. Pla, Y. Rodríguez, J.J. Calvete*. Evolutionary and Translational Venomics
Lab, Biomedicine Institute of Valencia, Spanish Research Council, 46010
Valencia, Spain

* Corresponding author.
E-mail address: jcalvete@ibv.csic.es (J.J. Calvete).

Background: Snakebite envenoming is a major, yet seriously neglected
public health issue that disproportionaly affects the most impoverished and
geopolitically disadvantaged rural communities of tropical and subtropical
countrieswith lowgross domestic product and low health care expenditure.
This occupational and environmental “disease of poverty” affects at least
1.8e2.7 million people worldwide each year, causing 85e138,000 deaths,
maiming 400,000 victims, and leaving an indeterminate number of survi-
vors with chronic psychological sequelae and other post-traumatic stress
disorders. Despite representing a medical emergency, and perhaps because
it is not a transmissible condition, snakebite envenoming ranks low on in-
ternational public health agendas. The timely parenteral administration of
an effective antivenom constitutes the only currently scientifically-validated
therapy for snakebite envenomings. However, widespread shortages of
antivenom in many affected regions opened doors to the infiltration in the
market of poorly manufactured and ineffective products that degrade user
confidence and undermine legitimate antivenom producers, leading to an
incongruous decline in demand for these crucial antidotes.
Methods: The quantitative molecular analysis of an antivenom's ability to
recognize and neutralize the toxins present in medically relevant snake
venoms represents the cornerstone on which its preclinical qualification
should be based. The application of proteomic technologies and other omics
disciplines have contributed to a qualitative and quantitative advance in the
road map towards this goal. In particular, the combination of antivenomics
and in vivo neutralization assays for providing globally applicable standard
metrics of the preclinical efficacy of antivenoms against homologous and
heterologous venoms at molecular level. Immunoaffinity chromatography-
based second-generation antivenomics (2GA) is a translational venomics
approach that provides qualitative and quantitative information on the set
of homologous and heterologous venom proteins presenting antivenom-
recognized epitopes and those exhibiting impaired immunoreactivity. The
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combination of 2GA and in vivo neutralization tests constitutes a powerful
toolbox for evaluating an antivenom's preclinical efficacy.
Discussion: The recently developed third-generation (3G) antivenomics
platform expands the analytical capability of 2GA allowing the determi-
nation of the maximal binding capacity of an antivenom towards each of
the different toxins present in a venom, and to quantify the fraction of
venom-specific antibodies present in a given antivenom. Protocol and
applications of the 3GA platform in the preclinical evaluation of anti-
venoms will be illustrated with recent examples.
Keywords: Snakebite envenoming, neglected tropical disease, antivenom,
antivenomics

DIVERGENT ROADS: DISTINCT EVOLUTIONARY TRENDS ACROSS
CROTALUS RECOGNIZED THROUGH MULTI-OMIC APPROACHES

J. Durban 1, L. Sanz 1, D. Trevis�an-Silva 2, E. Neri-Castro 3, A. Alag�on 3,
J.J. Calvete 1,*. 1 Laboratorio de Ven�omica Evolutiva y Traslacional, Instituto
de Biomedicina de Valencia, CSIC, Jaime Roig 11, 46010 Valencia, Spain;
2 Instituto Butantan, S~ao Paulo, Brazil; 3Departamento de Medicina
Molecular y Bioprocesos, Instituto de Biotecnología, Universidad Nacional
Aut�onoma de M�exico, Cuernavaca, Morelos, M�exico

* Corresponding author.
E-mail address: jcalvete@ibv.csic.es (J.J. Calvete).

Background: The most recent common ancestor for the rattlesnakes has
been estimated at 12.7 Mya (mid-Miocene) with a center of origin in the
north-central Mexican Plateau. Biogeographical data suggest dispersals
northward into North America (late Miocene, 6e8 Mya), southward into
Central America dating back to the late Miocene/early Pliocene (6.4�6.7
Mya), and a relatively recent (1.8�1.1Mya) South American dispersal during
the middle Pleistocene (1.1�1.0 Mya). Crotalus venoms are classified, ac-
cording to their predominant expression of hemorrhagic PIII-SVMPs or
heterodimeric neurotoxic PLA2, as type I or type II. This venom dichotomy is
a shared trend throughout the Americas. However, the evolutionary routes
followed by North, Central, and South American venoms are punctuated by
their own characteristics. In North America, type-I and type II venoms are
scatterly distributed across phylogeny. Type-I and type-II venom pheno-
types in North American rattlesnakes appear to be duewith recent lineage-
independent losses of the genes coding for the the neurotoxic PLA2 complex
subunits. In Arizona, C. s. scutulatus type-I/type-II venom dichotomy cor-
relates with the transition from a haemorrhagic to a neurotoxic phenotype
along a South Central to South Eastern axis. The predominance in adult
South American rattlesnakes (Crotalus durissus sp.) of type II venoms
exhibiting increasing incapacitation and lethal activities to rodents repre-
sents an adaptive paedomorphic trait driven by the gain of neurotoxicity
along the South America's North-South axis. On the other hand, in the
Central American rattlesnake, C. s. simus, the two venom phenotypes are
linked by an ontogenetic transition from type II to type I venom, and this
compositional shift appears to be post-transcriptionally modulated by age-
dependent changes in the concentration of miRNAs.
Methods: Multi-omic analyses of the transcriptional and translational
venom gland activities also support a role for miRNAs in the ontogenetic
venom compositional changes in congeneric Mexican rattlesnakes, C. simus
and C. tzbacan. The finding of dual-action miRNAs, which silence the
translation of neurotoxic heterodimeric PLA2 crotoxinwhile simultaneously
up-regulating SVMP mRNAs, potentially explains the existence of the
mutually exclusive type-II and type-I venomdichotomy among rattlesnakes.
Discussion/Conclusion: The hypothesis that alterations of the distribution
of miRNAs in response to an external cuemay contribute to themechanism
generating adaptive venom variability deserves further detailed studies.
Keywords: Crotalus venom, venom phenotype dichotomy, venom
ontogeny, miRNAs

NEURTALIZATION OF SNAKE VENOM DISINTEGRINS AND
METALLOPROTEASES BY POLYCLONAL ANTIBODIES AGAINST
DISINTEGRIN

I. Diego 1,*, M. Suntravat 1, E.E. Sanchez 1,2. 1National Natural Toxins
Research Center (NNTRC), Texas A&M University-Kingsville, MSC 224, 975
West Avenue B, Kingsville, TX 78363, USA; 2Department of Chemistry,
Texas A&M University-Kingsville, MSC 161, Kingsville, TX 78363, USA

* Corresponding author.
E-mail address: ilse.diego@students.tamuk.edu (I. Diego).

Background: The use of aptamers rather than antibody-based antitoxins
can result in the development of a new venom antidote, usable under
severe conditions and suitable for immediate administration without risk
of serious side effects. Envenomation by the family Viperidae is charac-
terized by hemorrhage, local necrosis, edema, and systemic effects such as
coagulopathy, neurotoxicity, and cardiotoxicity. Snake venom metal-
loproteinases (SVMPs) and disintegrins are responsible for hemorrhage
and interferewith the hemostasis pathway. Metalloproteinases from snake
venoms are classified into three major classes based on their structural
domains; disintegrin domain is a part of the P-II and P-III SVMPs. One aim
of this project is to determine the neutralization ability of anti-disintegrin
polyclonal antibodies on disintegrins and P-II and P-III SVMPs. Neutrali-
zation of these molecules by the antibodies will allow the design of an X-
aptamer against a disintegrin from Crotalus atrox venom and determine its
neutralizing abilities on both disintegrins and SVMPs.
Methods: Reversed-phase C18 HPLC was used to purify disintegrins from
C. atrox venom. Disintegrins will be further biotinylated in vitro for the X-
aptamer selection. The wound healing assay was conducted to test for
neutralization abilities.
Discussion/Conclusion: Two fractions were verified as disintegrins
through N-terminal sequencing. Disintegrins did not inhibit platelet
function using the sonoclot analyzer, but showed inhibition activity in the
wound healing assay. Polyclonal antibodies against disintegrins were able
to neutralize the disintegrins as per wound healing assay. Disintegrins will
be further biotinylated in vitro for the X-aptamer selection. X-aptamers
can open new avenues for treating envenomations and identifying novel
cellular targets of venom toxins providing the foundation for designing
innovative therapeutics for the treatment of various illnesses.
Keywords: Disintegrins, svMetalloproteases, X-Aptamers, Polyclonal
antibodies

OPOSSUMS VS. VIPERS: MOLECULAR AND FUNCTIONAL
CHARACTERIZATION OF A COEVOLUTIONARY ARMS RACE

D.H. Drabeck*, A.M. Dean, S.A. Jansa. Department of Ecology, Evolution, and
Behavior, University of Minnesota, Minneapolis, MN, USA

* Corresponding author.
E-mail address: danielle.drabeck@gmail.com (D.H. Drabeck).

Background: Opossums are among the few mammals resistant to pit-vi-
per venoms, but the molecular basis of resistance is unknown. Recently, a
protein involved in blood clotting, von Willebrand Factor (vFW), has been
found to have undergone rapid adaptive evolution in venom-resistant
opossums. This protein is a known target for snake venom C-type lectins
(CTLs) such as Botrocetin (Bothrops jararaca) in susceptible species. Several
amino acid changes on vWF unique to these opossums could explain their
resistance. However, experimental evidence that these changes disrupt
binding to snake venom CTLs was lacking.
Method: Using E.coli expressed opossum vWF and purified Botrocetin (a
vWF-binding venom protein from Bothrops jararaca) we quantified bind-
ing affinity changes present in resistant taxa. We also used platelet
agglutination assays to further elucidate how tertiary binding of vWF-
Botrocetin to platelet binding site GP1ba contributes to resistance to
venom-induced coagulopathy.
Discussion/Conclusion: Together, these data describe how this adaptive
modified binding site on opossum vWF helps to mitigate venom-induced
coagulopathy from venom C-type lectins.
Keywords: Opossum, viper, evolution, vWF (von Willebrand Factor)

SYNTHESIS OF U-THERAPHOTOXIN-PV3A, AN AEDES AEGYPTI AND
ANOPHELES ALBIMANUS LARVICIDAL DISULFIDE BRIDGED PEPTIDE
FROM THE COLOMBIAN TARANTULA PAMPHOBETEUS VERDOLAGA
(ARANEAE:THERAPHOSIDAE)
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S. Estrada-Gomez. University of Antioquia Ophidism and Scorpionism
Research Program, Medellin, Colombia
E-mail address: sebastian.estrada@udea.edu.co

Background: Due to increased resistance to traditional insecticides,
attention has been addressed on the development of bio-insecticides such
as those coming from insect predators, e.g. spiders. In the last three de-
cades, 31 studies have registered the insecticidal activity of different toxins
coming from spider venoms. Only 15 sequences were synthesized proving
to be effective against Lepidoptera, Coleoptera, Dipteran, Dictyoptera in-
sects, but none was assayed for Aedes aegypti or Anopheles albimanus.
Methods: Following the WHO Guidelines for laboratory and field testing of
mosquito larvicides, we established the larvicidal activity of Pamphobeteus
verdolaga complete venom. After the venom fractionation using reversed-
phase (RP) HPLC, we identified and collected the active fraction from the
venom. Using proteomic (ESI-Q-TOF and ESI-TOF-TOF) and transcriptomic
techniques, we obtained the complete sequence of U-theraphotoxin-Pv3a as
the feasible toxin responsible for the larvicidal activity. This sequence was
assembled by solid phase synthesis (SPS) using the F-moc strategy, and
further, oxidized using DMSO, in order to obtain the cysteine folded structure
Results: The average of crude synthetic peptide yielded was 34.5 mg with
an average purity of 78% determined by RP-HPLC. In the MS spectra, the
[M+3H]3+ to [M+7H]7+ m/z signals were identified for the crude peptide.
The obtained amino acid sequence of U-theraphotoxin-Pv3a corresponded
to a cysteine-rich peptide (CRP) with 5 cysteine residues (C-C-CC-C), 28
amino acid residues and a molecular weight of 2921.55 g/mol. In the
oxidized peptide, a shift of 4 Da can be observed indicating the presence of
2 disulfide bridges. After purification, the folded molecule showed larvi-
cidal activity with an effective dose 50 (ED50) of 59.34 mM. The unfolded
peptide showed a very weak larvicidal activity (It was not possible to
calculate the ED50). A variant peptide of U-theraphotoxin-Pv3a, with an
additional cysteine residue, showed a better ED50 (37.09 mM).
Discussion/Conclusions: There is no previous report of any toxin isolated
(and synthesized) from a spider venom with larvicidal activity on Aedes
aedypti or Anopheles albimanus. Most of the toxins isolated from spiders
showed insecticidal activityover Lepidoptera (43%),Diptera (23%),Othoptera
(14%), Blattoda (11%), and other orders (9%). U-theraphotoxin-Pv3a showed
potent larvicidal activity in two genera of dipterans without the need of in-
jection, whichmay indicate a possible development for its use in aerosols or
disposition inwater containers. The foldedmotif is necessary for the activity
as described for other insecticidal peptides obtained from spider venoms.
Keywords: Bio-insecticide, spider, venom

THE DESIGN OF COMPLEX WEAPONS SYSTEMS IN SCORPIONS: SEXUAL,
ONOTOGENETIC, AND INTERSPECIFIC VARIATION

G. Fox, W.K. Hayes*. Department of Earth and Biological Sciences, Loma
Linda University, Loma Linda, CA, USA

* Corresponding author.
E-mail address: whayes@llu.edu (W.K. Hayes).

Background: Scorpions possess two integrated multifunctional weapons
systems. Anteriorly, they possess a grasping system comprised of a pair of
pedipalps ending in chelae that seize and manipulate prey, ward off po-
tential predators, and secure potential mates. Posteriorly, they wield a
venom delivery system consisting of a tail-like metasoma with a stinger at
the tip of the terminal segment (telson) that can be thrust into prey items,
predators, or mates injecting venom. Given the complexity of these sys-
tems, we hypothesized that weaponry designwould be subject to selective
forces arising from differences in usage during ontogeny, between the
sexes, and among closely-related species occupying different habitats.
Methods:We examined twowidespread species of Smeringurus scorpions:
S. mesaensis, a psammophilous species that can occur at high densities, and
S. vachoni, a generalist or lithophilic species existing at lower densities. We
also examined Hadrurus arizonensis, which co-occurs with both species.
Sexual body component dimorphism in physical weaponry was present
and most apparent for adults of each species, with H. arizonensis being the
least dimorphic. Males trended toward more robust chela, especially in S.
vachoni. Metasoma length averaged longer in males, with S. mesaensis
demonstrating greatest divergence. The telson housing the chemical
weapon stores was larger in females of all species, as was venom avail-
ability. Venom availability increased exponentially during ontogeny for all
species. Although both species of Smeringurus were of similar adult size, S.
vachoni possessed significantly larger venom stores, although still less than
a similarly-sized H. arizonensis.
Discussion: Differential allocation of resources in adults, both within and
among these species, likely results from different selective regimes. Fe-
male-biased venom supply is associated with survival and increased
reproductive demands, whereas male investment in the chela and meta-
soma could represent greater priority in securing mates. In the dense
populations of S. mesaensis, adult males seldom live beyond a single
breeding season, and the exaggerated metasoma length may help ward off
cannibalistic females. The robust and modified chela of male S. vachoni
may aid in securing mating opportunities where fewer opportunities exist.
Conclusions: Our findings highlight the multiple factors that influence
weapons design in scorpions, and underscore the functional importance of
these complex systems that are relied upon in varying roles and contexts.
Keywords: Arachnida, ontogeny, sexual dimorphism, morphology, venom
yield

VENOM LETHAL DOSE STUDIES: AN ALICE IN WONDERLAND
EXCURSION WHERE LDLO CAN BE HIGHEST, AND LETHAL DOSE RANGE
COVERS 2-4.2 ORDERS OF MAGNITUDE

B. Hanley. Butterfly Sciences, Davis, CA, USA
E-mail address: brian.paul.hanley@gmail.com

Background: LD50 and LDLo studies of venom are primarily to determine
an applicable human dose. However, venom varies in composition, and no
meta-analysis of LD studies has been done.
Methods: A total of 1198 lethal dose records from hundreds of studies
compiled in Sascha Steinhoff's snakedatabase.org, covering the 167 most
lethal venomous snake species that have 2 or more entries, were analyzed.
Discussion/Results: Common assumptions about such studies are that LDLo

values should be lower than LD50; that intracranial (IC), intraperitoneal (IP),
and intravenous (IV) values should usually be lower than intramuscular
(IM) or subcutaneous (SC); that values obtained from the same test animal
species and route of administration should reproduce well for the same
snake species; and that LD range is within an order of magnitude, or 2. The
falsification of these assumptions is resounding. LDLo does not differentiate
from LD50. Lethal dose spans up to 3 orders of magnitude within a single
test-animal species. The only meaningful correlate for range of lethal dose
result is the number of studies performed, and the primary visible correlate
for lowest lethal dose is also the number of studies performed. Route of
administration does show the expected trend, but more weakly than ex-
pected. I believe this dataset represents a kind of venom transect and it has
implication for physicians treating snakebite because human bites are a
parallel transect with very high variance. This analysis emphasizes that
treatment needs to be based on symptoms and to not become over-
confident because of experience treating bites from the same snake species.
Conclusion: The fundamental question of what figure should be used for a
human dose LD50 remains quite difficult to answer.
Keywords: LD50, LDLo, venom variability, venom variance

FROM SYNDROME TO VENOME: INFERRING VENOM COMPOSITION
FROM CLINICAL SYMPTOMS OF RATTLESNAKE ENVENOMATION

W.K. Hayes 1,*, W. Kelln 1, M.K.H. Lee 1, E.C.K. Gren 1, Z.D. Travis 1,
A.G. Corbit 2, A.-M. Ruha 3. 1Department of Earth and Biological Sciences,
Loma Linda University, Loma Linda, CA, USA; 2Biology Department,
Southern Adventist University, Collegedale, TN, USA; 3Banner Good
Samaritan Medical Center, Phoenix, AZ, USA

* Corresponding author.
E-mail address: whayes@llu.edu (W.K. Hayes).

Background: Rattlesnake venom comprises a complexmixture of peptides
and proteins representing numerous toxin families. Venom composition
often varies considerably among and within species. Two distinctive
venom phenotypes exist: type A venoms possess high toxicity due to
Mojave toxin (MT), a heterodimeric phospholipase A2 presynaptic
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neurotoxin, and type B venoms show high proteolytic activity largely
because of snake venom metalloproteases (SVMPs). These two toxin
groups exhibit reciprocal abundance. Some rattlesnake species exhibit
type A and type B venoms in different portions of their range, with in-
termediate phenotypes (A+B) at the boundaries. Although envenomation
severity following snakebite is influenced mostly by the quantity of venom
injected and mass of the patient, venom composition can also influence
the clinical syndrome. Thus, it seems reasonable to infer the composition
of venom from the clinical symptoms associated with snakebite.
Methods/Results: We summarize recent efforts to augment our under-
standing of venom phenotype distribution in two rattlesnake species
following clinical reports of unexpected envenomation symptoms. Side-
winders (Crotalus cerastes) are well known for the proteolytic activities of
their venom (type B). Thus, neurotoxic symptoms associated with a 2013
envenomation (species confirmed by photo) from Dateland, Arizona,
suggested the presence of MT (type A or A+B venom) within a portion of
the species’ range.We therefore collected five venom samples within 1e45
km of the location. These venoms tested negative for MT, and their
reversed-phase HPLC elution profiles were similar to those of samples
collected elsewhere within the U.S. range. Second, Mojave rattlesnakes
(Crotalus scutulatus) exhibit MT (type A) venom throughout much of their
range, but populations with type B venom occur in south-central Arizona
and in the southern portion of its Mexico range. Only type A phenotypes
have been reported in California, so unusual proteolytic symptoms from a
2011 snakebite case (species confirmed by photo) from Llano, California,
suggested the presence of SVMPs (type B or A+B venom). We collected
venom samples from four specimens within 8e15 km of the location.
These all lacked SVMPs, and their elution profiles were similar to samples
collected from elsewhere across the species’ range in California.
Discussion/Conclusion: We discuss alternative explanations for the
apparent mismatch between presumed venom composition and clinical
symptoms of these cases.
Keywords: Viperidae, venom composition, proteome, clinical symptoms

THE PERPLEXING DISTRIBUTION OF TYPE A AND TYPE B VENOM
PHENOTYPES IN RATTLESNAKES

W.K. Hayes*, E.C.K. Gren, Z.D. Travis, G.A. Fox, C. Person,
W. Kelln. Department of Earth and Biological Sciences, Loma Linda
University, Loma Linda, CA, USA

* Corresponding author.
E-mail address: whayes@llu.edu (W.K. Hayes).

Background: On a broad scale, the venom composition of rattlesnakes is
strongly influenced by phylogeny, often with marked differences among
taxa. Nevertheless, intraspecific venom variation occurs among geographic
localities, and variation even exists within individuals over time. Under-
standing venom variation is important because venom composition can
profoundly influence the clinical syndrome of envenomation, and therefore
decisions regarding treatment and antivenom dosage. In rattlesnakes, the
most distinctive venom phenotypes are grouped as type A, with relatively
high toxicity and low proteolytic activity, and type B, with relatively low
toxicity and high proteolytic activity (these are also characterized as type II
and type I, respectively). The high toxicity of type A venom results from the
presence of Mojave toxin (MT), a heterodimeric phospholipase A2 presyn-
aptic neurotoxin. The high proteolytic activity of type B venom derives
largely from snake venom metalloproteases (SVMPs). The relative abun-
dance of MT and SVMPs are reciprocal, usually with only one toxin class
present. Some rattlesnake species exhibit type A and type B phenotypes
within different portions of their range, and individuals possessing bothMT
and SVMPs (type A+B) typically occur at the ill-defined boundaries.
Hypotheses: At least seven hypotheses can be considered to explain the
distribution of these venom phenotypes: (1) phylogeny; (2) hybridization;
(3) prey size (selection favoring proteases to digest large prey); (4) prey
shape and/or metabolism (selection favoring toxicity to kill slender ecto-
therms [lizards] and proteases to digest bulkier endotherms [rodents]); (5)
thermal regime (selection favoring proteases to digest prey at cooler
temperatures of extreme latitudes or elevations); (6) prey stability (se-
lection favoring toxicity in areas with a shifting prey base); and (7) neutral
processes (absence of selection acting on venom phenotype).
Results/Discussion: We discuss these hypotheses in relation to what we
know about phylogeny, hybridization, and associations of diet and envi-
ronment with venom phenotype distribution in Southern Pacific Rattle-
snakes (Crotalus helleri) and Mojave Rattlesnakes (Crotalus scutulatus).
Conclusions: Both of these species exhibit type A, type B, and type A+B
venom phenotypes in different portions of their range. Unfortunately, no
obvious answer emerges to explain the distribution of venom phenotypes
in these rattlesnakes.
Keywords: Viperidae, molecular ecology, phenotypic variation, venom
evolution

OPOSSUM PEPTIDE NEUTRALIZES SUB SAHARAN AFRICA VIPER
VENOMS

C. Komives 1,*, E.E. S�anchez 2, M. Suntravat 2. 1Department of Chemical
Engineering, San Jose State University, San Jose, CA, USA; 2National Natural
Toxins Research Center, Texas A&M University-Kingsville, Kingsville, TX, USA

* Corresponding author.
E-mail address: claire.komives@sjsu.edu (C. Komives).

Background: Opossum serum has been shown to neutralize crotaline
snake venoms. A handful of proteins have been purified from the serum
and found to interact with metalloproteinases and other toxins in the
snake venom, and to neutralize hemorrhagic effects of the venom. It has
been reported that a short peptide from the N-terminus of one of the
proteins (DM43) was able to neutralize venom in mice from different
families of snakes, but experiments were not statistically sound.
Methods: Venom was pre-incubated with lyophilized snake venoms and
injected intomouse tail vein. Survival of mice to 48 hours was the endpoint
of the experiment. Anti-hemorrhagic assay was carried out with Russell’s
Viper (Daboia russelii) venom obtained from Pakistan and Saw-scaled viper
(Echis carinatus) venom obtained from Sigma.
Results: In our hands the peptide is able to neutralize up to 1.5 x LD50 of
Western Diamondback (Crotalus atrox) venom and Sigma E. carinatus
venom as determined by intravenous injection of the venom pre-incu-
bated with the peptide, but at 3 x LD50 none of the mice survived. On the
other hand, the peptide was able to neutralize 5 x LD50 of West African
Saw-scaled viper (Echis ocellatus) venom obtained from Togo, and 5 x LD50

of Puff Adder (Bitis arietans) venom obtained from Togo- and Benin-based
snakes housed at the Kentucky Reptile Zoo. We have also determined that
it is able to neutralize up to 3 x LD50 of E. carinatus venom obtained from
the Madras Crocodile Bank of India.
Discussion: It appears that the peptide possesses the activity of the full
DM43 protein, however binding assays are underway that are necessary to
confirm this. The peptide could serve as a component of future antivenom
that does not require horse plasma for production.
Keywords: Opossum, viper, venom, neutralize

HOW CAN VENOMS HELP US TO UNDERSTAND AND TREAT PAIN

G.F. King. Institute for Molecular Bioscience, The University of Queensland,
Brisbane QLD 4072, Australia
E-mail address: glenn.king@imb.uq.edu.au

Background: Most venoms have evolved to facilitate defense against
predators, either as the sole purpose of the venom (e.g., bees, caterpillars
and fish) or as a function that is secondary to its role in predation (e.g.,
assassin bugs, centipedes, cone snails, snakes, and spiders). In all cases, the
primary method of predator deterrence is the injection of venom toxins
that cause immediate, intense pain.
Discussion: We are taking advantage of the ability of venoms to robustly
activate nociceptive pathways in mammalian neurons to interrogate novel
pain signaling mechanisms and identify new analgesic drug targets.
Moreover, since the venoms of arthropod predators such as spiders are
dominated by disulfide-rich peptides that target a wide variety of ion
channels, we are screening these natural combinatorial libraries to identify
peptides that target newly identified ion channel drug targets. I will
demonstrate how we used this approach to identify an ion channel
involved in transduction of mechanical pain, and show how we are
exploiting venoms to develop drug leads that target this ion channel.
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CURRENT PROGRESS TOWARDS THE NEXT GENERATION OF
ANTIVENOMS

A.H. Laustsen. Department of Biotechnology and Biomedicine, Technical
University of Denmark, Kongens Lyngby, Denmark
E-mail address: ahola@bio.dtu.dk

Background: Snakebite has gained increasing attention as a neglected
tropical disease in recent times, and for a good reason. Each year, snakebite
affects approximately 5 million people, causing mortality to more than a
hundred thousand victims and leaving many more with permanent dis-
abilities. These victims particularly come from poor, rural settings in
developingcountries. Theonlyeffective treatmentoption currentlyavailable
is antivenomderived from theplasmaof immunized animals. Unfortunately,
such antivenomsare expensive tomanufacture andmay in some cases inflict
severe adverse reactions in human recipients due to their heterologous
nature, making them incompatible with the human immune system.
Plasma-derived antivenoms have existed formore than 100 years. However,
in the past few decades, research within novel snakebite envenoming
therapies has emerged, including the use of novel immunization techniques,
small molecule inhibitors, and antibody discovery. Although, none of these
advances have yet reached the clinic, these efforts are likely to provide novel
solutions to the ancient problem of snakebite within the foreseeable future.
Method: Development efforts in modern antivenom research have been
centered around the use of small molecules and peptide inhibitors, oli-
gonucleotides/aptamers, DNA immunization techniques, toxin-seques-
tering non-antibody proteins, nanobodies and antibody fragments, and
fully human monoclonal antibodies.
Discussion: Although academically interesting results have been obtained
in all these areas, several of the reported molecular scaffolds present a
number of drawbacks that are likely to hinder their entry in the clinical
setting. The main drawbacks include incompatibility with standard
manufacturing platforms, high cost of manufacture, poor half-life, lack of
versatility for many small molecule inhibitors, safety and immunogenicity
for non-human proteins.
Conclusion: For a new generation of snakebite antivenoms to enter the
clinic, more focus must be directed on manufacturability, regulatory
pathway, adaptability, and translational research. Finally, it may be relevant
to focus development efforts on molecular scaffolds that are sufficiently
versatile to be able to neutralize several toxin families to avoid being ‘one
hit wonders’ and to allow for streamlined manufacturing processes.
Keywords: Antivenoms, recombinant antivenoms, small molecule toxin
inhibitors, toxin-neutralization, aptamers, snakebite, development,
manufacture.

EXPLORING THE BASIS OF THE (UNCOMMON) DIRECT HEMOLYSIS
CAUSED BY PHOPHOLIPASE A2 OF MICRURUS FULVIUS VENOM

M.L. Fern�andez 1, P.Y. Quartino 2, R. Arce-Bejarano 1, J. Fern�andez 1,
L.F. Camacho 1, J.M. Guti�errez 1, D. Kuemmel 3, G. Fidelio 2,
B. Lomonte 1,*. 1 Instituto Clodomiro Picado, Facultad de Microbiología,
Universidad de Costa Rica, San Jos�e 11501, Costa Rica; 2Centro de
Investigaciones en Química Biol�ogica de C�ordoba (CIQUIBIC), Departamento
de Química Biol�ogica, Facultad de Ciencias Químicas, Universidad Nacional
de C�ordoba, Argentina; 3Biology and Chemistry Department, University of
Osnabrueck, Osnabrueck, Germany

* Corresponding author.
E-mail address: bruno.lomonte@ucr.ac.cr (B. Lomonte).

Background: A unique feature of the venom of Micrurus fulvius (Eastern
coral snake) is its ability to induce a severe intravascular hemolysis in
particular species, such as dogs or mice.
Methods: An experimental model of intravascular hemolysis in mice, after
intravenous injection of venom, was developed.
Results: Within one hour, there was a drastic drop in hematocrit, morpho-
logical alterations of erythrocytes, hemoglobinemia, and hemoglobinuria
together with abundant hyaline casts in kidney sections. These effects were
shown to be caused by distinct phospholipase A2 (PLA2) isoforms capable of
directly lysing erythrocytes in vitro, a very uncommon finding for such en-
zymes. Two PLA2s, differing in their hemolytic activity, were purified from
the crude venom and sequenced. Their structures and functional profiles
(PLA2-17: hemolytic; PLA2-12: non-hemolytic) were compared, aiming to
obtain clues towards understanding the basis for direct hemolysis. The two
enzymes differed not only in their ability to cause intravascular hemolysis:
PLA2-17 additionally displayed lethal, myotoxic, and anticoagulant actions,
whereas PLA2-12 lacked all these effects. PLA2-12 was much more active in
hydrolyzing a monodisperse synthetic substrate than PLA2-17, but the cat-
alytic activity of latterwas notably higher on amicellar substrate, or towards
pure phospholipid artificial monolayers under controlled lateral pressures.
Interestingly, PLA2-17 could hydrolyze substrate at a pressure of 20mN$m-1,
in contrast to PLA2-12 or the non-toxic pancreatic PLA2.
Discussion: This finding suggests important differences in the monolayer
penetrating power of the enzymes, which could be related to differences in
toxicity. Comparative examination of primary structures and predicted
three-dimensional folding of PLA2-12 and PLA2-17 revealed that differ-
ences concentrate in their N-terminal and central regions, leading to var-
iations of the surface properties at the membrane-interacting interface.
PLA2-17 presents a less basic interfacial surface than PLA2-12, but has more
bulky aromatic residues, which could be associated with its higher
membrane-penetrating strength.
Conclusion: Altogether, these structural and functional comparative ob-
servations suggest that the ability of PLA2s to penetrate substrate in-
terfaces could be a major determinant of toxicity, perhaps more important
than protein surface charge.
Keywords: Micrurus fulvius, hemolysis, phospholipase A2

PROTEOMIC STUDIES ON MICRURUS (CORAL SNAKES) VENOM REVEAL
A DICHOTOMY OF PHENOTYPES

J. Fern�andez 1, P. Rey-Su�arez 2, D. Pla 3, L. Sanz 3, M. Sasa 1, V. Nú~nez 2,
J.M. Guti�errez 1, J.J. Calvete 3, B. Lomonte 1,*. 1 Instituto Clodomiro Picado,
Universidad de Costa Rica, San Jos�e, Costa Rica; 2Grupo de Ofidismo y
Escorpionismo, Universidad de Antioquia, Medellín, Colombia; 3 Instituto de
Biomedicina de Valencia, CSIC, Valencia, Spain

* Corresponding author.
E-mail address: bruno.lomonte@ucr.ac.cr (B. Lomonte).

Background: Nearly half of extant snake species, mainly within the
Viperidae and Elapidae families, produce venom secretions of variable
toxicities. The application of proteomic tools to the study of these venoms
has led to an impressive growth in knowledge about their composition,
toxicity, and immunogenicity. About one-third of all 'venomic' studies
have focused on elapid species, mainly those inhabiting the OldWorld. The
New World elapids, represented by coral snakes, have been less studied
due the more limited availability of their venoms, owing to their difficult
maintenance in captivity and very low venom yields.
Method: In recent years, however, a number of venomic studies on
Micrurus species from North, Central, and South America have been con-
ducted, thanks to the increasing sensitivity of proteomic tools.
Results/Discussion: Some general trends and patterns concerning the
compositional, functional, and immunological characteristics of Micrurus
venoms are emerging from such studies. Results gathered to date,
encompassing about one-third of the >70 species of Micrurus, have
revealed a dichotomy of venom phenotypes regarding the relative abun-
dance of the omnipresent phospholipases A2 (PLA2) and 'three-finger'
toxins (3FTx): some species express a PLA2-predominant venom compo-
sition, while others display a 3FTx-predominant compositional pattern.
These two sharply divergent toxin expression patterns appear to be related
to phylogenetic positions and geographical distributions along a North-
South axis, but further venom studies encompassing a higher number of
species will be relevant to assess this hypothesis. The two venom pheno-
types also show correlations to some toxic functionalities, complexity in
the diversity of proteoforms, and immunological cross-recognition pat-
terns. Based on the known (but partial) phylogenies, we have proposed the
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3FTx-rich venom phenotype to be the ancestral state, with PLA2-prepon-
derant venoms appearing in more derived species.
Conclusions: Understanding the dichotomy of venom compositions
within Micrurus snakes, observed in some cases even among sympatric
species that inhabit relatively small geographic areas, with probable
similar diets, remains a challenging area of research.
Keywords: Micrurus, venom, proteomic, phenotypes

VENOM TOXINS TO DRUGS: ANTI-THROMBOTIC AND ANTI-METASTASIS
COMPOUNDS FROM SNAKE VENOMS

S.P. Mackessy 1,*, A.J. Saviola 1,2, A.K. Mukherjee 1,3. 1 School of Biological
Sciences, University of Northern Colorado, Greeley, CO 80639-0017, USA;
2Department of Biomedical and Health Sciences, University of Vermont,
Burlington, VT 05405, USA; 3Department of Molecular Biology and
Biotechnology, Tezpur University, Tezpur, Assam 784 028, India

* Corresponding author.
E-mail address: stephen.mackessy@unco.edu (S.P. Mackessy).

Background: Snake venoms contain a variety of components that when
deployed trophically result in cascading collapse of numerous regulatory
systems of prey. Paradoxically, many of these same components have po-
tential and actual therapeutic utility, largely because they represent co-
opted regulatory components of normal vertebrate systems. Notable suc-
cessful examples include exenatide (Byetta®, derived from Heloderma
venom) and ziconotide (Prialt®, derived from Conus venom), but commer-
cial success of many potential toxin therapeutics has not yet been realized.
Methods: Our lab has purified and characterized several components from
venom of the Yucatan Rattlesnake (Crotalus simus tzabcan) and from
venom of Pakistan Russell’s Viper (Daboia r. russelii) using several chro-
matographic steps. A non-enzymatic peptide, named tzabcanin, is a new
disintegrin isolated from C. s. tzabcan venom (~7105 Da); it contains the
canonical RDG domain and is the most prevalent of at least six disintegrins
in this venom. Russelobin, a thrombin-like enzyme (~38.7 kDa), was iso-
lated from the venom of Daboia russelii and was extensively characterized
using numerous in vitro and in vivo assays.
Results: Tzabcanin shows minimal cytotoxicity toward colon (COLO-205)
and breast (MCF-7) cancer cells, but it inhibits binding of these cells to
fibronectin and vitronectin at low micromolar concentrations. Tzabcanin
further inhibits migration of melanoma (A-375) and lung cancer (A-549)
cells in scratch assays. Binding of tzabcanin to these cell lines is dependent
on the presence of avb3 integrins, often greatly overexpressed in cancer
cells. Examples of serine proteinases with fibrinogenolytic activities, such
as russelobin, have been characterized from Daboia and Crotalus venoms.
These ab- and a-fibrinogenases may have utility in situations where
depletion of patent fibrinogen is desirable, including certain cancers and
cardiovascular disorders.
Discussion: Like other disintegrins, tzabcanin may therefore represent a
useful model for design of drugs limiting metastatic potential of various
cancers. Because it is essentially non-toxic and shows some specificity
toward binding avb3 integrins, non-target effects, unlike standard che-
motherapeutics, should be negligible. Venom-derived enzymes also have
promise for development as therapeutics or as models for their design, and
russelobin was also non-toxic toward mice.
Conclusion: Snake venoms represent a rich source of potent biological
activities that can be retargeted for therapeutic uses, and venoms from
rear-fanged snakes represent a novel and largely unexplored source of
novel compounds. In addition to their use as therapeutics, toxins can have
utility in diagnostics and other applications, and so the continued explo-
ration of novel uses for these potent molecules is highly warranted.
Keywords: bioassays, cytotoxic, metastasis, therapeutics, venoms

PURIFICATION AND CHARACTERIZATION OF CYSTEINE RICH-
SECRETORY PROTEINS (CRISPS) FROM THE VENOM OF THE
SOUTHERN PACIFIC RATTLESNAKE (CROTALUS OREGANUS HELLERI):
THEIR ROLE ON BLOOD AND LYMPHATIC ENDOTHELIAL CELL
PERMEABILITY

J. Marquez 1, V. Parra 1, M. Suntravat 1, E.E. Sanchez 1,2,*. 1National Natural
Toxins Research Center (NNTRC), Texas A&M University-Kingsville, MSC
224, 975 West Avenue B, Kingsville, TX 78363, USA; 2Department of
Chemistry, Texas A&M University-Kingsville, MSC 161, Kingsville, TX 78363,
USA

* Corresponding author.
E-mail address: elda.sanchez@tamuk.edu (E.E. Sanchez).

Background: Cysteine-rich Secretory Proteins (CRiSPs) have long been
recognized as ubiquitous components of many snake venoms, however, no
clear explanation has been provided for the role they play in venoms. Some
CRiSPs have been shown to inhibit ion channel activities and have major
effects on cell signaling pathways in vascular endothelial cells. We spec-
ulate that CRiSPs, via combined effects on cell signaling pathways and ion
channel activities, disrupt normal interstitial fluid dynamics adjacent to
the snakebite, accelerating the transfer of the macromolecular toxins in
the venom into the lymphatic circulation, which plays a critical role in
venom absorption and distribution into the systemic circulation. The rapid
delivery of these toxins into the circulation contributes to the acute effects
of envenomation and the rapid incapacitation and death of the snake’s
prey. The goal of our study was to characterize the cellular and molecular
basis for the effects of Hellerin, a newly identified CRiSP isolated from the
venom of the Southern Pacific rattlesnake (Crotalus oreganus helleri), on
the function of blood and lymphatic endothelial cells.
Method: Crude venom was characterized by reversed-phase HPLC frac-
tionation, followed by analysis of chromatographic fractions by SDS-PAGE
and N-terminal sequencing. Preliminary cytotoxicity screening of CRiSP
was tested on human umbilical vascular endothelial cells (HUVEC).
Results: svCRiSPs were isolated and characterized from the snake C. o.
helleri. The N-terminal sequence of a 28 kDa protein band in fraction 13
was determined and it identified the protein as a CRiSP. The preliminary
results showed that the purified CRiSP, named Hellerin, dose-dependently
inhibited HUVEC cell proliferationwith (50% cytotoxic concentration) CC50

of 2.3 mM.
Discussion/Conclusion: Our study describes the purification and charac-
terization of Hellerin, the first CRiSP isolated from the venom of C. o. helleri.
Purified Hellerin had cytotoxic effects on HUVEC cells. Hellerin will be
further tested on human dermal blood and lymphatic endothelial cell
permeability. Knowledge gained from these studies will contribute to a
new level of understanding of the pathophysiology of snakebite.
Keywords: Cysteine Rich-Secretory Proteins, Hellerin, permeability, cyto-
toxicity

HARNESSING SNAKE VENOMS TO MAKE T. BRUCEI FOREVER GO TO
SLEEP

A. Martos-Esteban 1,2, M. Carrington 2, A.H. Laustsen 1,*. 1Department of
Bioengineering, Technical University of Denmark, Kgs. Lyngby, 2800,
Denmark; 2Department of Biochemistry, University of Cambridge, Tennis
Court Road, Cambridge, CB2 1QW, United Kingdom

* Corresponding author.
E-mail address: ahola@bio.dtu.dk (A.H. Laustsen).

Background: Trypanosoma brucei is a parasitic protozoan species capable
of infecting insects, whose bite transmits African sleeping sickness
(trypanosomiasis) in humans. Current treatments are becoming ineffective
due to the parasite’s ability to avoid the lytic immunogenic response of the
host. The parasite achieves this avoidance bymodifying the composition of
its outer coat, which is mainly composed of Variable Surface Glycoprotein
(VSG). Snake venoms are composed of toxic proteins and peptides, with or
without enzymatic activity, and a range of other molecules that may in-
fluence physiological processes. Previously, it has been demonstrated that
viper venoms are able to kill certain parasitic species, but elapid snake
venoms have never been investigated. The venom of the elapid Naja nig-
ricollis (black-necked spitting cobra) is mainly composed of cytotoxic
three-finger toxins (cytotoxins) that interfere with and disrupt cellular
membranes with high target specificity. Here, we investigated how T.
brucei is affected when this parasite is subjected to whole venom of N.
nigricollis.
Method: The venom of N. nigricollis was diluted in HMI-9 media at
different concentrations and tested against a genetically engineered T.
brucei strain expressing GFP attached to glycophosphatidylinositol (GPI),
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which is the VSG anchor to the parasite outer coat. Parasites were analyzed
by flow cytometry, confocal and fluorescence microscopy, and SDS-PAGE.
Results: We discovered that the venom of N. nigricollis at 10 mg/mL
effectively kills 100% of T. bruceiwithin 24 hours. Parasite populations were
analyzed by flow cytometry at 0 h, 4 h, and 8 h after being subjected to the
venom. This revealed that the venom affects GPI, as GFP-GPI is released
during this period. Parasite morphology was analyzed by confocal and
fluorescence microscopy revealing that the GFP-GPI accumulates in the
flagellar pocket (FP) of T. brucei. Over 22 hours, 90% of surviving cells had
significantly greener and enlarged flagellar pockets due to the GFP-GPI
accumulation. This observed morphology clearly distinguishes itself from
the morphology when T. brucei is subjected to viper venom (Bothrops
asper).
Discussion: GPI-anchoring to VSG on T. brucei's outer membrane is
affected by the venom of N. nigricollis and accumulates in the FP prior to
the parasite death. We hypothesize that cytotoxins are responsible for the
observed T. brucei phenotype. Further investigations are undergoing to
elucidate the molecular mechanism behind the observed lethality in T.
brucei and the responsible toxin(s). This novel strategy opens the possi-
bility to develop molecular toxin-based tools that may aid future drug
discovery efforts against trypanosomiasis and related parasitic diseases.
Keywords: Trypanosoma brucei, Naja nigricollis, glycophosphatidylinositol,
flagellar pocket, cytotoxins

THE NEUTRALIZATION EFFICACY OF EXPIRED POLYVALENT
ANTIVENOMS: AN ALTERNATIVE OPTION

C.E. Migl 1,*, M. Suntravat 1, E.E. S�anchez 1,2. 1National Natural Toxins
Research Center, Texas A&M University-Kingsville, Kingsville, TX 78363-
8202, USA; 2Department of Chemistry, Texas A&M University-Kingsville,
MSC 161, Kingsville, TX 78363-8202, USA

* Corresponding author.
E-mail address: Chesney.Migl@students.TAMUK.edu (C.E. Migl).

Background: The World Health Organization estimates a global 2.7
million snakebite envenomations annually, resulting in 81,000 to 138,000
fatalities and 400,000 permanent disabilities or amputations. The only
effective treatment is the rapid administration of appropriate antivenom.
However, the expense of production and distribution, combined with
relatively infrequent use compared to other medications, has caused a
devastating world-wide shortage. Stocks of unused, expired antivenom
may represent a large, untapped resource to provide a stop-gap to
ameliorate this crisis until a more permanent solution can be found.
Methods: This study examined the efficacy of expired antivenom over
time using in vitro, whole-blood clotting statistics. Representatives from
three expiration dates for four different brands of polyvalent antivenom
were chosen and tested against their corresponding venoms as well as
potential cross reactivity. These include: Wyeth (U.S.; 1997, 2001, 2003),
Antivipmyn (Mexico; 2005, 2013, 2017), Biotecfar (Venezuela; 2010, 2014,
2016), and SAIMR (South Africa; 1997, 2005, 2017). The species tested
included venom from: Crotalus atrox againstWyeth; C. atrox and C. durissus
vegrandis against Antivipmyn; C. atrox, C. d. vegrandis and Bothrops
colombiensis against Biotecfar, and Bitis gabonica against SAIMR. A Sono-
clot® Coagulation and Platelet Function Analyzer was used to record
activated clotting time (ACT), clotting rate (CR), and platelet function (PF)
of whole blood treated with saline control, venom, antivenom/venom, and
antivenom only. Western blots were used to confirmed affinity of anti-
venom to venom. Venomwas blotted onto polyvinylidene fluoride (PVDF)
membrane and incubated with antivenom as 10 antibody, and alkaline
phosphtase (AP)-conjugated rabbit anti-horse IgG as 2o antibody.
Results: Results were provided as percent of baseline from venom coa-
gulopathy. Wyeth (1997) showed 77.5% return to baseline. Antivipmyn
(2005), showed 76.0% against C. atrox, and 66.48% against C. d. vegrandis,
Biotecfar (2010) showed 26.6%, 48.9%, and 87.2% against C. atrox, C. d.
vegrandis and B. colombiensis, respectively. SAIMR (1997) showed 88.6%
against B. gabonica. Relative band intensities for Western blots were
determined in monochrome channels using Adobe Photoshop. Wyeth
showed <1% change in band intensity. Antivipmyn maintained 89% in-
tensity for C. atrox and 91% for C. d. vergrandis; Biotecfar maintained 75%,
83% and 93% intensity for C. atrox, C d. vergrandis and B. colombiensis,
respectively. SAIMR maintained 93% intensity.
Discussion/Conclusion: Further testing is needed to determine the safety
of expired antivenoms, and to expand on selected brands and snake spe-
cies. In light of the global shortage of antivenom, this information will
provide hope in the cases of snakebite emergencies.
Keywords: envenomation, expired antivenom, coagulation

EXPRESSION, PURIFICATION, AND CHARACTERIZATION OF THE NEW
RECOMBINANT CROTAMINE ISOFORM FROM THE VENOM GLAND OF
CROTALUS OREGANUS HELLERI ON ANTIBACTERIAL ACTIVITY

R.M. Montemayor 1, M. Suntravat 1, E.E. Sanchez 1,2,*. 1National Natural
Toxins Research Center, Texas A&M University-Kingsville, Kingsville, TX
78363, USA; 2Department of Chemistry, Texas A&M University-Kingsville,
Kingsville, TX 78363, USA

* Corresponding author.
E-mail address: elda.sanchez@tamuk.edu (E.E. Sanchez).

Background: Crotamine, a highly basic, non-enzymatic toxin, is the major
toxic component found in the venom of the South American rattlesnake,
Crotalus durissus terrificus. Based on the three-dimensional structure of
crotamine, its cysteine-pairing pattern and folding structure, it is very
similar to those of the other small toxins identified in different rattlesnake
venoms and the antimicrobial peptide human b-defensins. Native, re-
combinant, and synthesized crotamine (YKQCHKKGGHCFPKE-
KICLPPSSDFGKMDCRWRWKCCKKGSG) has been found to contain
antimicrobial activity against a wide variety of bacteria and fungi.
Method: We expressed recombinant mature crotamine-like isoform, hel-
leramine, cloned from the venom gland cDNA library of C. o. helleri, and
characterized its antibacterial activity against Gram-negative and Gram-
positive bacteria. Mature helleramine 6O01 cloned into pGEX-4T-1 vector
(6O01-pGEX-4T-1) was expressed in Escherichia coli BL21. The N-terminus
glutathione S-transferase (GST)-tagged fusion protein was purified using
Glutathione Sepharose 4B resins. Recombinant helleramine were cleaved
and eluted from GST bound to GST-binding resin by thrombin cleavage.
Thrombin was removed from helleramine using a 5 mL HiTrap™ Benza-
midine FF column. Purified tag-cleaved recombinant helleramine was
identified by N-terminal sequence analysis and tested for antibacterial
activity.
Results: Recombinant helleramine contained a prominent band at about
31 kDa corresponding to a total calculated molecular weight of the 26 kDa
of GST plus mature hellaramine (5 kDa). After hellaramine was cleaved
from the GST by thrombin treatment and HiTrap column purification, a
single band at about 7 kDa was found using SDS-PAGE analysis, which was
verified by hind-limb paralysis assay. Purified recombinant helleramine
(0.3 mg/mL) showed mild inhibitory effects against Klebsiella oxytoca.
Discussion/Conclusion: This study reports on the cloning, expression, and
the biologic activities of the first crotamine-like isoform cloned from C. o.
helleri. It showed hind limb paralysis activity similar to that observed for
the native crotamine-like isoform and also showed mild activity against
the Gram-negative bacterium K. oxytoca.
Keywords: Crotamine-like isoform, helleramine, Crotalus durissus terri-
ficus, antibacterial

PURIFICATION AND CHARACTERIZATION OF CYSTEINE-RICH
SECRETORY PROTEINS (SVCRIPSS) FROM 5 DIFFERENT SPECIES OF
NORTH AMERICA VENOMOUS SNAKES

A. Morales 1, O. Sanchez 1, M. Suntravat 1, E.E. Sanchez 1,2,*. 1National
Natural Toxins Research Center (NNTRC), Texas A&M University-Kingsville,
MSC 224, 975 West Avenue B, Kingsville, TX 78363, USA; 2Department of
Chemistry, Texas A&M University-Kingsville, MSC 161, Kingsville, TX 78363,
USA

* Corresponding author.
E-mail address: elda.sanchez@tamuk.edu (E.E. Sanchez).

Background: Snake venom consists of many different proteins with
varying characteristics and roles that they play in aid of the snake in de-
fense against predators and acquisition of prey. These proteins fall into two
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classifications, enzymatic or non-enzymatic proteins. A few examples of
enzymatic proteins include metalloproteinases, serine proteinases, and
phospholipases A2. Non-enzymatic proteins consist of disintegrins, C-type
lectins and cysteine-rich secretory proteins (CRiSPs). CRiSPs are often
found in mammalian reproductive systems and in the venoms of different
snakes. Snake venom CRiSPs (svCRiSPs) inhibit both smooth muscle
contraction and cyclic nucleotide-gated ion channels. Although this is so,
there is only a small amount of information known about the biochemistry
and biology of the crotalid CRiSPs. The aim of this project was to purify and
characterize CRiSPs in the snake venoms from five of the most medically
significant species of North American pit vipers (Rattlesnakes: Crotalus
atrox, C. adamanteus, C. horridus, C. scutulatus scutulatus; Cottonmouths:
Agkistrodon piscivorus piscivorus).
Methods: Crude venomwas characterized and CRiSPs were isolated using
reversed-phase chromatography and identified by SDS-PAGE and N-ter-
minal sequencing. svCRiSPs were isolated from five different pit viper
species and analyzed on an N-terminal sequencer.
Results: All five venoms analyzed contained CRiSPs, which were verified
by N-terminal sequencing. The venom of the Western diamondback rat-
tlesnake (Crotalus atrox) contained the largest quantities of CRiSPs. CRiSPs
were first isolated and characterized from the five different venoms of
North American pit vipers, the rattlesnakes (Genus Crotalus) and Cotton-
mouths (Genus Agkistrodon). A second purification step was performed
using cation exchange chromatography. Cytotoxicity and cell permeability
activities of CRiSPs were tested on human umbilical vascular endothelial
cells (HUVEC), human dermal blood endothelial cells (HDBEC), and human
dermal lymphatic endothelial cells (HDLEC).
Conclusion: Studies on CRiSPs will not only give a better understanding of
the pathology of snakebites but might also lead to the development of
therapeutic treatment of different illnesses.
Keywords: Cysteine-Rich Secretory Proteins, North America venomous
snakes, Purification

INHIBITORY EFFECTS OF TRIERPENIC ACIDS ON ENYZYMATIC AND
PHARMACOLOGICAL ACTIVITIES OF A SNAKE VENOM
METALLOPROTEINASE: INSIGHTS FROM DOCKING AND MOLECULAR
DYNAMICS

L. Preciado 1,*, V. Nú~nez 1, P. Rey-Su�arez 1, I. Henao 2, D. Guerra 3,
C. Muskus 3, A. Perea~nez 1. 1 Programa de Ofidismo/Escorpionismo, Facultad
de Ciencias Farmac�euticas y Alimentarias, Universidad de Antioquia,
Medellín, Colombia; 2 Productos Naturales Marinos, Facultad de Ciencias
Farmac�euticas y Alimentarias, Universidad de Antioquia, Medellín,
Colombia; 3 Programa de Estudio y Control de Enfermedades Tropicales,
Facultad de Medicina, Universidad de Antioquia, Medellín, Colombia

* Corresponding author.
E-mail address: linampr@gmail.com (L. Preciado).

Background: Triterpenoids are ubiquitous compounds in the plant
kingdom, widely recognized by their pharmacological and biological
properties. The aim of this work was to determine the inhibitory ability of
triterpenoids of the lupane, the oleanane and the ursane groups on Batx-I
activities, a P-I metalloproteinase isolated from Bothrops atrox venom.
Methods: Toxin purification was done via ion-exchange chromatography
and the purity was judged by SDS-PAGE. The inhibition of proteolytic ac-
tivitywasmeasured using afluorimetricmethod and the in vivo assayswere
performedwith SwissWebstermice. Inhibition of hemorrhagic activitywas
carried out by intradermal injection of the toxin and triterpenes in the
ventral abdominal region. Assays were performed either by preincubation
of toxin and triterpenes before injection or independent injections of toxin
and triterpenes. Moreover, inhibition of edema-forming activity was
determined by subcutaneous injection into the footpad and myotoxic ac-
tivity was measured by determination of the plasma levels of creatine ki-
nase activity. These studies were done with preincubation of toxin and
inhibitor. Computational studies aimed to explain the in vitro and in vivo
results were conducted using the software Autodock Vina and Gromacs 5.1.
Results: Betulinic Acid (BA), Ursolic Acid (UA) and Oleanolic Acid (OA)
were the most promising compounds; they inhibited the proteolytic ac-
tivity of Batx-I on gelatin with IC50 values of 115.3, 223.0 and 357.3 mM,
respectively. Additionally, these compounds inhibited the hemorrhagic
activity of Batx-I in skin with IC50 345.7, 643.5 and 1077.0 mM in pre-
incubation experiments. In studies with independent-injection, in which
Batx-I was injected and then, at the same site, a concentration of 600 mMof
each compound were administered at either 0, 5 or 10 min; BA showed a
significant reduction of hemorrhage at 0 min (27.3 ± 6.0 %) and 5 min (19.7
± 3.4 %). In addition, the three compounds inhibited myotoxicity and
edema-forming activity of Batx-I at 600 mM concentration. Kinetic analysis
revealed that these triterpenic acids act as competitive inhibitors of Batx-I.
Molecular docking and dynamic studies suggested that these compounds
affect the catalytic activity of the enzyme by occupying part of the sub-
strate-binding cleft. Additionally, preliminary results about structure-ac-
tivity relationship suggested that carboxylate group (C-28) bound at C-17
in the triterpene structure is a fundamental requirement for the inhibition
of Batx-I, as well as the pentacyclic structure.
Conclusions: Based on these results, triterpenic acids are promising can-
didates for the development of inhibitors for the prevention of local tissue
damage in snakebite envenomation.
Keywords: trierpenoids, metalloproteinase, Bothrops

POLYCLONAL ANTIBODIES AGAINST A RECOMBINANT DISINTEGRIN:
THEIR DIVERSE USES

E.E. S�anchez. National Natural Toxins Research Center, Texas A&M
University-Kingsville, Kingsville, TX, USA
E-mail address: elda.sanchez@tamuk.edu

Background: Polyclonal antibody production is an essential research ac-
tivity used in experimentation and diagnostic tests. These antibodies are a
collection of immunoglobulins reacting against a specific antigen, each
identifying a different epitope on an antigen.
Method: Polyclonal antibodies were produced against a recombinant
snake venom disintegrin in rabbits. Rabbits were initially immunized with
GST-disintegrin molecules, and in the latter immunizations, only the dis-
integrin was administered.
Discussion/Conclusion: The hyperimmune serum was collected and used
to identify disintegrins in venoms and venom fractions of other snake
species allowing convenient purification of disintegrins, identification of
Type A and Type B venoms in both Mojave and Southern Pacific Rattle-
snakes, and neutralization of disintegrin and metalloproteinase activity.
Keywords: Polyclonal, recombinant, antibody, disintegrin, rattlesnake

ANTIBACTERIAL ACTIVITY OF 24 DIFFERENT SNAKE VENOMS FROM THE
FAMILIES VIPERIDAE AND ELAPIDAE

O. Sanchez 1, M. Suntravat 1, E.E. Sanchez 1,2,*. 1National Natural Toxins
Research Center, Texas A&M University-Kingsville, Kingsville, TX, USA;
2Department of Chemistry, Texas A&M University-Kingsville, MSC 161,
Kingsville, TX, USA

* Corresponding author.
E-mail address: elda.sanchez@tamuk.edu (E.E. Sanchez).

Background: Bacterial infection is a leading cause of death worldwide. The
gradual emergence of populations of antibiotic-resistant bacteria resulting
from use, misuse and outright abuse of antibiotics has today become a
major public health problem of global proportions. The development of
new, potent, and less toxic agents from natural sources against various
infectious agents is an urgent medical need. In the last decade, a wide
range of diverse, novel classes of natural antibiotics has been isolated from
different snake species.
Method: The aims of this study were to investigate antimicrobial activity
of 24 different snake venoms from families Viperidae and Elapidae against
6 different clinical bacteria strains including Staphylococcus aureus,
Enterococcus faecalis (Gram-positive bacteria) and Escherichia coli, Salmo-
nella enterica, Pseudomonas aeruginosa, and Klebsiella oxytoca (Gram-
negative bacteria) using the disc diffusion method.
Results: Several snake venoms showed activity against three to four
different pathogenic bacteria. The most susceptible bacterium was S.
aureus. Bothrops moojeni and Crotalus durissus terrificus venoms exhibited
the most potent activity against S. aureus.
Discussion/Conclusion: In vitro screening provides convincing evidence
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that several venoms have promising antibacterial effects against gram-
positive and gram-negative bacteria. The present findings indicate that
viperid venoms have significant antibacterial effects, which may be the
result of the primary antibacterial components such as L-amino acid oxi-
dases and PLA2 enzymes. The results will be useful for further purification
and characterization of antibacterial agents from snake venoms.
Keywords: Multi-Drug resistant bacteria, Elapidae, Viperidea, anti-bacte-
rial peptides, gram-positive and gram-negative bacteria, susceptibility,
disc-diffusion method.

BREAKING THE DICHOTOMY: TYPE 3 VENOM EXPRESSION IN CROTALUS
V. VIRIDIS £ C. O. CONCOLOR NATURAL HYBRIDS

C.F. Smith 1, D. Schield 2, T.A. Castoe 2, J. Parker 3, S.P. Mackessy 1,*. 1 School
of Biological Sciences, University of Northern Colorado, Greeley, CO 80639,
USA; 2Department of Biology, University of Texas Arlington, Arlington, TX
76010, USA; 3 Fresno City College, Fresno, CA 93741, USA

* Corresponding author.
E-mail address: stephen.mackessy@unco.edu (S.P. Mackessy).

Background: In western Colorado, populations of Crotalus oreganus
concolor (Midget Faded Rattlesnake) contact the known distribution of
Crotalus viridis viridis (Prairie Rattlesnake). Though not yet documented,
interbreeding between these species may lead to novel venom pheno-
types. Crotalus v. viridis venom is known as a type 1 venom because it is
moderately toxic and induces hemorrhage and myonecrosis, largely due to
abundant snake venom metalloproteases (SVMPs). In contrast, venom
from C. o. concolor, a type 2 venom, has very low SVMP activity but exhibits
potent toxicity due to the presence of concolor toxin, a presynaptic
neurotoxin based on a dimeric phospholipase A2 scaffold.
Methods: This study investigated the occurrence of hybrids of C. v. viridis
and C. o. concolor in western Colorado using a venom profiling approach,
where potential hybrid venoms are tested for characteristics that are
distinct for each parent species. Venom samples were collected from
snakes in the contact zones and characterized via SDS-PAGE, enzyme as-
says, immunoblotting and reversed-phase HPLC, using venoms from
reference populations (far from contact zones) of each species as “pure”
type 1 and 2 venoms. Mitochondrial sequences for cytochrome b and ND4
were amplified for genetic analysis.
Results: The snake venoms that contained both type 1 (degradative) and
type 2 (neurotoxic) characteristic toxins were labeled type 3 venoms, as
they depart from the typical type 1-type 2 dichotomy observed for many
rattlesnake venoms. Additionally, the majority of snakes that displayed a
hybridized venom profile had mitochondrial sequences corresponding to a
C. o. concolor matrilineage, indicating the possibility of unidirectional hy-
bridization and backcrossing of subsequent generations.
Discussion: Venom compositional and genetic analyses of rattlesnakes
found in this area of range overlap can contribute to the understanding of
maintenance of species boundaries and patterns of venom gene inheri-
tance and expression. Further, the co-occurrence of SVMPs and potent
presynaptic neurotoxins could have important clinical applications, with
the potential for development of both severe tissue necrotic and neuro-
pathic symptoms in snakebite victims.
Conclusion: Introgression between species of rattlesnakes is more com-
mon than has been previously appreciated, and hybridization has now
been documented in two different species pairs involving Prairie Rattle-
snakes (C. v. viridis). However, penetration of dominant venom phenotype
into parent populations appears to vary with species involved, and eval-
uation of the extent of genetic admixture and its effects on venom
composition is currently being investigated in several other hybrid zones.
Keywords: admixture, metalloproteinase, presynaptic neurotoxin, rattle-
snake, type 1 and 2 venoms

ISOLATION AND CHARACTERIZATION OF C-TYPE LECTINS FROM VENOM
OF THE SOUTHERN PACIFIC RATTLESNAKE ON HUMAN DERMAL
LYMPHATIC ENDOTHELIAL CELLS

S. Szteiter 1,*, M. Suntravat 1, E.E. Sanchez 1,2. 1National Natural Toxins
Research Center (NNTRC), Texas A&M University-Kingsville, MSC 224, 975
West Avenue B, Kingsville, TX 78363, USA; 2Department of Chemistry,
Texas A&M University-Kingsville, MSC 161, Kingsville, TX 78363, USA

* Corresponding author.
E-mail address: shelby-5495@hotmail.com (S. Szteiter).

Background: Crotalus oreganus helleri (Southern Pacific Rattlesnake) is
responsible for the majority of severe envenomations in southern Cali-
fornia. Bites cause local tissue damage including prominent edema or/and
hematological abnormalities. The main components of C. o. helleri venom
are enzymatic enzymes including metalloproteinases and phospholipases
A2s, which play a major role in the pathogenesis of local tissue damage. On
the other hand, non-enzymatic proteins (such as disintegrins, C-type lec-
tins, cysteine-rich secretory proteins, andmyotoxins) also play a role in the
envenoming. C-type lectins are commonly found in low amounts in most
snake venoms. They bind to plasma proteins, specific receptors on plate-
lets, vascular or lymphatic endothelial cells and interfere in the prey's
physiological processes. C-type lectins are also considered promising
molecules for research tools and treatment of certain diseases.
Methods: The goal of this project is to isolate C-type lectins from C. o.
helleri venom to determine their biological activities.
Results: We have isolated C-type lectins using reversed-phase chroma-
tography. Fractions 21, 22, 25, and 28 contained C-type lectins with mo-
lecular weights about 26 kDa as determined by SDS-PAGE and N-terminal
sequencing. The fractions were further purified using cation exchange
chromatography. Purified C-type lectins will be tested for cellular func-
tions on human dermal lymphatic endothelial cells (HDLECs).
Conclusion: Studies of these C-type lectins will not only facilitate a better
understanding of snakebite pathology but might also lead to the devel-
opment of therapeutic agents.
Keywords: C. o. helleri, C-type lectins, Human Dermal Lymphatic Endo-
thelial Cells

THE ACUTE EFFECTS OF SNAKE VENOM CRISP TOXINS ON BLOOD AND
LYMPHATIC ENDOTHELIAL CELL PERMEABILITY: NEW INSIGHTS INTO
THE PATHOPHYSIOLOGY OF SNAKEBITE

M. Suntravat 1,*, J. Marquez 1, A. Morales 1, O. Sanchez 1, S. Szteiter 1,
E.E. Sanchez 1,2. 1National Natural Toxins Research Center (NNTRC), Texas
A&M University-Kingsville, MSC 224, 975 West Avenue B, Kingsville, TX
78363, USA; 2Department of Chemistry, Texas A&M University-Kingsville,
MSC 161, Kingsville, TX 78363, USA

* Corresponding author.
E-mail address: kums2022@tamuk.edu (M. Suntravat).

Background: Snakebite is a huge global health problem, causing serious
injury to 2.7 million men, women and children and claiming an estimated
125,000 lives annually. In spite of its huge toll on human health, very little
is known of the pathophysiology of snakebite. Although several studies
have reported the lymphatic system plays a critical role in venom ab-
sorption and distribution following snakebite, the role of the lymphatic
system in envenomation remains unclear. Several snake venom Cysteine-
Rich Secretory Proteins (svCRiSPs) have been shown to possess ion chan-
nel-blocking activities and affect the activity of vascular endothelial cells.
The aim of this work was to investigate the role that a specific family of
snake venom toxins, svCRiSPs plays in snakebite, focusing specifically on
the effects of these toxins on the function of the blood and lymphatic
vessels located in proximity to the bite.
Methods: svCRISPs from some of the most medically significant species of
venomous snakes housed in the National Natural Toxins Research Center
collection were isolated and characterized for their effects on blood and
lymphatic endothelial cell function and vascular permeability using in
vitro assays of blood and lymphatic endothelial cell barrier function and in
vivo assays of vascular permeability.
Results: svCRiSPs were isolated and identified from the venoms of Crotalus
adamanteus, Crotalus atrox, Crotalus horridus, Crotalus scutulatus scutulatus,
Agistrodon piscivorus piscivorus, and Crotalus oreganus helleri. The pre-
liminary results of the effect of purified CRiSP toxin isolated from C. o.
helleri venom, named Hellerin, on the monolayer barrier function of
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cultured human dermal lymphatic endothelial cells (HDLEC) and vascular
permeability demonstrated the direct effects both the in vivo and the in
vitro permeability assays.
Discussion/Conclusion: svCRiSPs could play a critical role in snakebite by
targeting blood and lymphatic vessels in the region of the bite and rapidly
and dramatically increasing vascular permeability. Knowledge gained
from these studies will provide insights into the molecular mechanisms
that underlie the effects of svCRiSPs on vascular function and will
contribute to a new level of understanding of the pathophysiology of
snakebite and the development of novel therapeutic strategies for the
treatment of snakebite and possibly other vascular and lymphatic
diseases.
Keywords: svCRiSPs, pathophysiology, lymphatic endothelial cell, per-
meability.

DEVELOPMENT OF A THERAPEUTIC AGENT FROM A COMPONENT OF
COBRA VENOM FOR TREATMENT OF DISEASES WITH COMPLEMENT
PATHOGENESIS

C.-W. Vogel 1,2,*, B.E. Hew1, D.C. Fritzinger 1. 1University of Hawaii Cancer
Center, University of Hawaii at Manoa, Honolulu, HI 96813, USA;
2Department of Pathology, John A. Burns School of Medicine, University of
Hawaii at Manoa, Honolulu, HI 96813, USA

* Corresponding author.
E-mail address: cvogel@cc.hawaii.edu (C.-W. Vogel).

Background: Venoms are complex mixtures of many individual toxin
molecules, each of which evolved to bind to a molecular target in the
prey. Toxins are pharmacologic agents, often very powerful, interfering
with the physiological function(s) of its target for the benefit of the
venomous organism. For that very reason, toxins have been used to study
both physiological processes as well as pathogenetic mechanisms. As
such, toxins have the potential to be lead molecules for drug develop-
ment. We have studied for many years Cobra Venom Factor (CVF) which
is a unique component in the venoms of cobras and other elapid snakes.
It is highly homologous to complement component C3, but resistant to
the physiological control mechanisms that restrict complement activa-
tion. The molecular target of CVF is complement Factor B. CVF forms a
stable enzyme with Factor B that leads to massive complement activation
at the site of envenomation, causing release of anaphylatoxins which
enable faster entry of the toxic venom componens into the blood stream.
As complement is also part of the pathogenesis of many diseases, phar-
macological inhibition of complement is therefore a promising thera-
peutic concept.
Methods: We studied the structural differences between C3 and CVF in
order to develop a human C3 derivative with the CVF-like activity of
continuously activating complement, leading to complement depletion.
Multiple chimeric proteins were generated in which about 160 C-ter-
minal amino acid residues of human C3 had been replaced with the
homologous amino acid residues from CVF, referred to as humanized CVF
(hCVF or iC3). We studied hCVF in multiple preclinical models of com-
plement-mediated diseases for therapeutic efficacy, toxicity, and
immunogenicity.
Results: Beneficial therapeutic effects of complement depletion by hCVF
was observed in myocardial and intestinal ischemia reperfusion injury,
age-related macular degeneration (AMD), ventilator-induced lung
injury, collagen-induced arthritis, myasthenia gravis, monoclonal anti-
body therapy of lymphoma, paroxysmal nocturnal hemoglobinuria
(PNH), and suppression of an anti-Factor VIII immune response in
hemophila A. No toxic side effects were observed in any disease model
or after intra-arterial administration to primates. Moreover, and in
contrast to natural CVF which is highly immunogenic, no neutralizing
antibody response was observed after repeated administration ofhCVF
to mice.
Discussion: Our results show that complement depletion with hCVF rep-
resents a promising therapeutic concept for complement-mediated dis-
eases. Next steps include large-scale production of hCVF for clinical trials.
Conclusion: Venom components can serve as valuable lead compounds
for drug development.
Keywords: Cobra Venom Factor (CVF), humanized CVF (hCVF),
complement depletion

IDENTIFICATION AND CHARACTERIZATION OF THE CELL SURFACE
TARGETS OF THE SNAKE VENOM MYOTOXIN, CROTAMINE, THAT
MEDIATES ITS ANTI-PROLIFERATIVE ACTIVITY IN CANCER CELLS

C. Yin 1,*, E.E. Sanchez 2, M. Moczygemba 1, P. Davies 1. 1 Texas A&M
University Health Science Center, Houston, TX, USA; 2National Natural
Toxins Research Center, Texas A&M University-Kingsville, Kingsville, TX, USA

* Corresponding author.
E-mail address: samyin9la@gmail.com (C. Yin).

Background:Myotoxins are a family of small protein toxins present in the
venom of multiple species of pit vipers that have selective toxic effects on
different types of tissues.
Method: In order to better protect people from these toxins and to
potentially develop these proteins as the basis for new therapeutics, we
investigated the mechanism of the cytotoxicity of a specific myotoxin,
crotamine.
Results: The results we have obtained demonstrate the specific and se-
lective binding of crotamine to specific voltage-gated potassium (Kv)
channels (Kv1.1, Kv1.2, Kv1.3). The expression level of these channel pro-
teins correlates positively with the effect of crotamine on the inhibition of
proliferation in multiple cancer cell lines. The binding of crotamine to
Kv1.3 in Jurkat cells is associated with the inhibition of intracellular cal-
cium influx as reflected by the inhibition of NFAT translocation and the
inhibition of IL-2 secretion.
Discussion: These results indicate a direct connection between the
binding of crotamine to cell surface Kv1.3 channel and the inhibition of
cell proliferation mediated by the suppression of intracellular Ca2+

signaling.
Conclusion: In conclusion, we have characterized the surface-binding
target for crotamine that mediates its effects on intracellular signaling.
In future studies, we plan to use the mechanistic model we have
developed to develop single-chain antibody molecules (scFv proteins)
that can be potentially developed both as molecular probes and crot-
amine anti-toxin molecules that may be used to decrease the myotoxin
toxicity, an important component in the pathophysiology of rattlesnake
snakebite.
Keywords: Crotamine, anti-proliferative, cancer
Clinical
WHEN SWISS CHEESE ALMOST KILLS A CHILD: A PARTICULAR CASE OF
SEVERE ENVENOMATION OF A CHILD BY EASTERN CORAL SNAKE
(MICRURUS FULVIUS)

B.A. Abo 1,2,*, D.A. Kranc 1, J. Fobb 2, S.J. Mullin 2. 1Dept of Emergency
Medicine, College of Medicine, University of Florida, Gainesville, FL 32610,
USA; 2Venom One Venom Response Unit, Miami-Dade Fire Rescue, Doral,
FL 33178, USA

* Corresponding author.
E-mail address: benabo@ufl.edu (B.A. Abo).

Objective:Micrurus fulvius, an elapid from southeastern United States, is a
species that falls within the two families of high medical importance.
While elapids account for less than two percent of envenomations in North
America, their venom is extremely toxic with significant chance of death or
permanent disability as well as significant medical expenses should
someone become envenomed. Reports of envenomation in the United
States are limited in the literature. We present a case of a child bitten in
North America with severe envenoming.
Case: In the Fall of 2016 a young boy in Florida was severely envenomed by
an eastern coral snake (Micrurus fulvius) in rural Florida. While he
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presented relatively quickly to an outlying emergency department, a
number of issues including misunderstanding of specialists, myths and
fears of antivenom, and common misconceptions led to serious compli-
cations in this particular boy with an envenomation fromMicrurus fulvius.
Among other problems, the patient ended up with an extended intensive
care unit stay, central muscle paralysis leading to ptosis, disconjugate gaze,
and diplopia along with trouble with mastication.
Discussion/Conclusion: This case illustrates the importance of better ed-
ucation and less reservation when it is known what the treatment is to
decrease mortality and permanent effects of which, in this case, included
near death and paralysis of vital muscles for several months. Furthermore,
the consultant/consultee relationship is not as straightforward as ex-
pected; proper communication is vital.
Keywords: envenomation, M. Fulvius, Eastern Coral, antivenin, antivenom

EARLY ANTIVENOM TREATMENT IMPROVED TIME TO RECOVERY IN
PATIENTS WITH COPPERHEAD ENVENOMATION

V.E. Anderson 1,*, C.J. Charles J Gerardo 2, M.R. Olsson 1,
E.J. Lavonas 3. 1Rocky Mountain Poison and Drug Center, Denver Health
and Hospital Authority, Denver, CO, USA; 2Division of Emergency Medicine,
Duke University School of Medicine, Durham, NC, USA; 3Department of
Emergency Medicine, Denver Health and Hospital Authority, Denver, CO, USA

* Corresponding author.
E-mail address: Victoria.anderson@rmpdc.org (V.E. Anderson).

Background: Nearly half of all United States crotaline envenomations are
by copperhead snakes. A recent Phase IV clinical trial demonstrated
improved recovery of limb function with administration of Fab antivenom
(FabAV) compared to placebo. However, it remains unclear if time to an-
tivenom administration impacts recovery.
Objective: The objective of this study is to determine if early administra-
tion of FabAV reduced the time to full recovery of limb function in patients
with mild or moderate copperhead envenomation.
Methods: A secondary analysis of a multi-center, Phase IV, randomized,
double blind, placebo controlled trial of FabAV in copperhead envenom-
ation was performed. Patients � 12 years with a mild or moderate
copperhead envenomation were randomized to FabAV or saline placebo.
Mild envenomation was defined as swelling crossing 0-1 major joints and
moderate envenomation as swelling crossing 2 major joints. Patients with
severe venom effects, envenomations proximal to the elbow or knee or on
>1 extremity, and those presenting >24 hours post-envenomation were
excluded. Patient recovery was assessed using the Patient Specific Func-
tional Scale (PSFS), which collects patient reported functional impairment
on outcomes the patient has identified as important. The PSFS was
administered every 3-4 days post-envenomation until Day 28. Patients
that were not recovered by Day 28 were followed up to an additional 3
months. A survival analysis was conducted to determine if time to treat-
ment had a significant effect on time to full recovery through 28 days post-
envenomation.
Results: Forty-five patients received FabAV. The mean age was 43.9 years,
93% were adults, 51% were male, and 89% had a mild severity envenom-
ation. The median time to treatment was 5.47 hours post-envenomation.
Twenty-two (49%) patients were treated early (<5.47 hours) and 23 (51%)
late. A greater proportion of patients treated early had recovered at each
time point compared to those treated late. Overall, patients treated with
FabAV early had a significantly shorter time to full recovery than those
treated late (p ¼ 0.03).
Conclusion: Early administration of FabAV to patients with mild and
moderate copperhead envenomation resulted in faster full recovery
compared to late treatment with FabAV.
Keywords: Agkistrodon, snake bites, recovery of function, antivenins

ANTIVENOM ADMINISTRATION WAS ASSOCIATED WITH SHORTER
OPIOID USE IN COPPERHEAD SNAKEBITE PATIENTS

V.E. Anderson 1,*, C.J. Gerardo 2, E.J. Lavonas 3, M.R. Olsson 1,
K.C. Kleinschmidt 4, K. Sharma 4, C. Freiermuth 2. 1Rocky Mountain Poison
and Drug Center, Denver Health and Hospital Authority, Denver, CO, USA;
2Division of Emergency Medicine, Duke University School of Medicine,
Durham NC, USA; 3Department of Emergency Medicine, Denver Health and
Hospital Authority, Denver, CO, USA; 4Department of Emergency Medicine,
University of Texas Southwestern Medical Center, Dallas, TX, USA

* Corresponding author.
E-mail address: Victoria.anderson@rmpdc.org (V.E. Anderson).

Background: Management of pain due to snake envenomation frequently
includes the use of opioid analgesics both in the emergency department
and after discharge. Initiation of opioid therapy may contribute to the risk
of patients developing opioid misuse behaviors and addiction. It is
important to understand factors associated with opioid use to understand
potential opportunities to mitigate these risks. The objective of this study
is to describe opioid use in patients with mild to moderate copperhead
envenomationwho were randomized to receive Fab antivenom (FabAV) or
placebo. Analgesia was prescribed at the treating investigator’s discretion.
Methods: A secondary analysis of a multi-center, Phase IV, randomized,
double blind, placebo controlled trial of FabAV in copperhead envenom-
ation was performed. Patients � 12 years with a mild or moderate
copperhead envenomationwere randomized to FabAV or placebo. Patients
were followed every 3-4 days until 28 days post envenomation. Opioid use
in the 24 hours prior to each visit was recorded. Descriptive statistics were
used to summarize the characteristics of patients who did and did not use
opioids after d/c. The proportion of patients reporting opioid use by study
day was summarized.
Results: 74 subjects were randomized in the trial (45 FabAV:39 placebo).
One FabAV subject was excluded from this analysis after it was determined
he falsified his snakebite. A total of 35 subjects reported opioid use post
discharge. Overall, a greater proportion of placebo subjects reported opioid
use than those treated with FabAV (58.6% vs 40.9%). Subjects with higher
baseline pain scores, moderate envenomation, and females were also more
likely to report opioid use post discharge. A greater proportion of placebo
subjects reported opioid use at each visit compared to those treated with
FabAV. All FabAV patients discontinued opioid use by 21 days post en-
venomation, while placebo subjects reported opioid use at every time
point assessed. Opioid use corresponded with the trial’s predefined criteria
for full recovery with only 2 subjects reporting use in the 24 hours prior to
achieving full recovery and 0 subjects in either treatment group reporting
use after recovery.
Conclusion: In patients withmild or moderate copperhead envenomation,
administration of FabAVwas associatedwith shorter duration of opioid use
after discharge compared to those receiving placebo.
Keywords: Agkistrodon, snake bites, antivenoms, opioids

THE VALIDITY, RELIABILITY AND MINIMAL CLINICALLY IMPORTANT
DIFFERENCE OF THE PATIENT SPECIFIC FUNCTIONAL SCALE IN SNAKE
ENVENOMATION

C.J. Gerardo1,*, J.R.N. Vissoci 1,2,3, V.E. Anderson 4, K. Sharma5,
K.C. Kleinschmidt 5, M.E. Mullins 6, N.P. Brandehoff 4, S. Greene 7,
E.J. Lavonas 4. 1Division of Emergency Medicine, Department of Surgery, Duke
University School of Medicine, USA; 2Duke Global Health Institute, Duke
University, USA; 3Duke Global Neurosurgery and Neuroscience, Duke University
School of Medicine, USA; 4Rocky Mountain Poison and Drug Center, Denver
Health, USA; 5Department of Emergency Medicine, University of Texas
Southwestern Medical Center, USA; 6Division of Emergency Medicine,
Washington University School of Medicine, USA; 7 Section of Emergency
Medicine, Baylor College of Medicine, USA

* Corresponding author.
E-mail address: charles.gerardo@duke.edu (C.J. Gerardo).

Background: Valid, reliable and clinically relevant outcome measures are
necessary in clinical studies of snake envenomation. The aim of this study
is to evaluate the psychometric (validity and reliability) and clinimetric
(minimal clinical important difference [MCID]) properties of the Patient-
Specific Functional Scale (PSFS) in snakebite envenomation.
Methods: We performed a secondary analysis of two existing snakebite
trials that measured clinical outcomes including PSFS, quality of life
assessments (Short Form 36 Health Survey [SF-36] and Disabilities of
the Arm, Shoulder, and Hand [DASH] questionnaire) and a Patient Global
Impression of Change (PGIC). Data were collected at 3, 7, 10, and 17 days.
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Reliability (Cronbach's alpha for internal consistency and Intra-class
correlation coefficient for temporal stability at 10 and 17 days) and
validity (concurrent validity correlating with the SF-36, DASH and PGIC
at each follow-up time) were assessed. The MCID was evaluated using:
(a) distribution of stable patients, using both standard error of mea-
surement and responsiveness techniques, and (b) anchor-based
methods using comparison between individuals and discriminant abil-
ity of a positive change with a receiver operator curve (ROC) and optimal
cutoff point.
Results: A total of 84 patients participated in this study. The PSFS
showed average scores of 5.37 (SD 3.23), 7.95 (SD 2.22) and 9.12 (SD
1.37) at 3, 7 and 10 days respectively. No evidence of a flooring effect was
observed. A ceiling effect was observed at 10 and 17 days, which showed
more than 50% of the participants reporting maximum scores in the
PSFS. The PSFS showed good reliability with the internal consistency of
0.91 (Cronbach's alpha 95% CI 0.88, 0.95) and temporal stability of 0.83
(ICC 95% CI 0.72, 0.89). The PSFS showed strong positive correlation with
the SF-36 (R¼0.81), DASH (R¼0.68) and PGIC (0.83). The MCID was
approximately 1 for all methods. This was consistent across methodol-
ogies. The distribution-based methods showed a Standard Error of
Measurement of the scale responses MCID of 1.04 and a SD of the dif-
ferences of the scale responses MCID of 1.05. The anchor-based method
showed an optimal MCID cutoff point with the Youden’s Index for the
ROC curve of 1.00 (Sensitivity of 0.60 and Specificity of 0.81, AUC 0.70)
and a between-individual MCID of 0.98, when compared to the PGIC
positive classification.
Conclusions: The PSFS is a valid and reliable tool to assess quality of life
and functionality with a MCID of approximately 1 point in snake enven-
omation patients.
Keywords: Envenomation, Snake, Specific Functional Scale

TO CUT OR NOT TO CUT

G.A. Gross 1,*, D. Merrill 1, D. Padilla 1, A. McIntosh 1, M. Falkoff 1,
F. Moran 1, O. Gross 1. 1Valley Baptist Medical Center, Harlingen, TX 78550,
USA

* Corresponding author.
E-mail address: venommd@gmail.com (G.A. Gross).

Background: Many different techniques are claimed to be effective
for the treatment of snakebites. These include application of a tour-
niquet, a method proposed to limit the spread of the venom in the
body, and incision of the bite wound that supposedly removes venom
from the bite wound. The bulk of evidence indicates that tourniquet
use with or without incision of the bite wound is not indicated for
the treatment of snakebites. Nonetheless, snakebites victims continue
using them.
Case Report: The following is a case report involving management of the
bite by Crotalus atrox (Western Diamondback Rattlesnake). A 26-year-old
male was bitten by Crotalus atrox at approximately 8:30 pm on August 12,
2017. The patient used his belt as an arterial tourniquet on his right arm.
When patient arrived at Border Patrol Station, they removed the tourni-
quet, but the patient placed it back on his arm. The tourniquet was then
removed by theMedevac crewwhen they arrived. Patient had swelling all
the way up to his upper arm. Patient also cut the bite site attempting to
remove venom by sucking it out. He was treated with a total of 22 vials of
Crofab® until progression stopped. No significant coagulopathy was
noted. On August 12, exam showed erythema, increased warmth, and
swelling up to the right shoulder, with exquisite tenderness. The right
hand was swollen, pale, but warm to touch, distal pulses were faintly
detectable. Multiple tense bullae on right hand and wrist were noted.
Compartment fasciotomy considered by trauma surgeon but deferred at
our request. Patient continued to make slow but progressive improve-
ment. The patient’s extremity range of motion (ROM) continued to
improve with physical therapy until he regained full ROM several weeks
later.
Discussion/Conclusion: The case illustrates that the use of a tight tour-
niquet along with cutting a wound and with sucking out the venom can
worsen the local effects of tissue toxicity and should be avoided. Always
consider compartment pressures prior to fasciotomy. When it comes to
snakebites, looks can be deceiving.
Keywords: Crotalus atrox, tourniquet, wound incision.

CASE REPORT: ENVENOMATION BY THE MEGALOPYGE OPERCULARIS

G.A. Gross 1,*, J. Barnhart 1, D. Merrill 1, H. Guthery 1, D. Padilla 1,
K. Gross 1, D. Adams 2. 1Valley Baptist Medical Center, Brownsville, TX,
USA; 2Gladys Porter Zoo, Brownsville TX, USA

* Corresponding author.
E-mail address: venommd@gmail.com (G.A. Gross).

Background: The puss caterpillar is one of more than 50 species of cat-
erpillars that can cause envenomation in the United States. Its envenom-
ation is considered to be one of the more serious of the arthropod
envenomations. Its clinical presentation and current recommended
treatments are reviewed.
Case Report: A 41-year-old male landscape worker from Brownsville,
Texas complained of immediate pain when a Puss (Asp) caterpillar (Meg-
alopyge opercularis) fell across his right forearm (Fig. 1). The patient
described an immediate burning sensation, similar to that of a wasp sting.
The patient noted that his pain was followed by an increasing burning
sensation that slowly moved toward the upper arm and shoulder. A few
minutes after the patient was stung, a large, reddish plaque of approxi-
mately 4 cm in diameter emerged on the flexor surface of the right forearm
(Fig. 2). In approximately two hours, the pain had involved the whole arm
and chest, with the same level of intensity. A sharp, pain persisted for
approximately 18 hours, only slightly diminishing upon the administration
of morphine, Benadryl, and Solu-Medrol IV. The following morning, the
pain had decreased, but chest pain persisted for several more hours. Full
cardiac workup, was unremarkable. No neurologic signs or symptoms
were observed.
Discussion/Conclusion: Puss (Asp) caterpillar (Megalopyge opercularis)
stings are associated with significant pain and dermatologic manifesta-
tions. The importance of pain control cannot be overemphasized and in the
presence of chest pain, cardiac evaluation should be conducted.
Keywords: Caterpillar, Asp, Puss Caterpillar, Megalopyge opercularis,
Arthropod venom

Fig. 1. Puss (Asp) caterpillar (Megalopyge opercularis).Ă
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Fig. 2. Lesion in right forearm caused by Megalopyge opercularis sting.Ă

SELF-IMMUNIZATION

G.A. Gross 1,*, B. Stevens 1, H. Guthery 1, A.A. Betancourt 1, D. Merrill 1,
A. Venugopalan 2, O.P. Gross 1, W. McKenna 1. 1Valley Baptist Medical
Center, Brownsville, TX USA; 2Department of Emergency Medicine, MOSC
Medical College Hospital, Kolenchery, Ernakulam District, Kerala, India

* Corresponding author.
E-mail address: venommd@gmail.com (G.A. Gross).

Background: A group of individuals that have been self-immunizing (SI)
with venom from various venomous snake species have accomplished
significant immunity and are therefore worthy of discussion. These in-
dividuals used varying dilutions of venom to self-immunize over the last
several years. Three of these individuals have provided data to our group,
which has provided evidence of its effectiveness.
Methods: Immunization with venom is done by using reconstituted
freeze-dried venom or pure “wet” venom. This is done over a period of
months with weekly to monthly immunization cycles. Methods used are
consistent with models, well-described and used by allergy/immunology
specialist known as allergen immunotherapy.
Cases: Case 1: A 36-year old male, 4 years SI, who has been bitten on
several occasions by Crotalus atrox and Agkistrodon contortrix without any
significant ill effects. Case 2: 51-year old male, 26 years SI, who has been
bitten by numerous elapid species without any significant ill effects from
the species to which he was immunized. Case 3: 50-year old male, 17.5
years SI, who can take multiple bites from Dendroaspis polylepis and Oxy-
uranus species and walk away.
Discussion: Until now this has only been done with bee and wasp venom
and medical literature supports its efficacy.
Conclusion: This can be regarded as a stepping stone to a vaccine that will
grant immunity against the species that are causing themost havoc around
the world.
Keywords: Vaccines, snakebite, Self immunization.

CLINICAL PRESENTATION: STINGRAY INJURIES AND THE IMPORTANCE
OF IMAGING

G.A. Gross*, J. Barnhart, D. Merrill, H. Guthery, J. Sorbel, F. Moran,
H.C. Hodges, D. Padilla, C.-E. Lin, R. Carter, M. Falkoff. Valley Baptist
Medical Center, Harlingen, TX, USA

* Corresponding author.
E-mail address: venommd@gmail.com (G.A. Gross).

Background: Stingrays are the most common group of fish involved in
envenomation, but the wounds are rarely fatal. The tail has a sharp,
serrated barb along the proximal third of the tail that can deliver painful,
venomous proteins causing tissue necrosis. Lower extremity and foot en-
venomation are common in shallow waters. Suggested treatment includes
rapid cleansing and heat submersion to the affected area. Due to the heat
labile nature of the venom, the enzymes become denatured and thus aid in
reducing the pain and further tissue damage. In addition to pain man-
agement, imaging cannot be overemphasized as a retained barb can cause
further complications for infection, disfigurement or disability.
Method: Clinical case following the possible complications that can occur
without imaging for foreign bodies.
Case report: A 53-year-old male sustained a whip injury to the dorsum of
his right foot while fishing in the Matagorda Bay, Texas. Initially, the pa-
tient complained of bleeding and pain at the site of injury. Upon physical
examination, the patient had a puncture wound to his right foot, was
neurologically intact with normal strength, sensation and full range of
motion (ROM). The wound was irrigated with saline and betadine sub-
merged in hot water and then dressed. Tetanus immunization was pro-
vided, and a prophylactic prescription of doxycycline was prescribed. The
patient adhered to the prescribed local wound care and was reportedly
compliant with his antibiotics. The pain slowly resolved, however, a
necrotic center started to form at the wound site along with obvious loss of
ROM. The patient was seen on follow-up by a surgeon and x-ray revealed a
soft tissue foreign body. Subsequent exploration of the site lead to removal
of barb and debridement of necrotic tissue.
Treatment: Fresh water, or sterile irrigating solutions should be used to
clean the wound, followed by hot water submersion of the injured area.
Treatment with hot water should continue for 2 hours, even if pain has
subsided, and should be as hot as the patient can tolerate without causing
thermal injury. The wound should then be explored thoroughly after
appropriate analgesia; this includes radiographic imaging.
Conclusions: X-ray evaluation of wound sites are an invaluable diagnostic
tool that must always be considered.
Keywords: Stingray envenomation, sting, barb, stingray, heat labile,
foreign body

CASE REPORT: IMPORTANCE OF RAPID SEQUENCE INTUBATION
DURING NEUROTOXIC ENVENOMATION; NEUROTOXIN¼ABCS

G.A. Gross 1,2,*, A.A. Betancourt 1, D. Merrill 1, K.D. Gross 1, D. Padilla 1,
O.P. Gross 1. 1Valley Baptist Medical Center, Harlingen, TX, USA; 2Hendry
Regional Medical Center, Clewiston, FL, USA

* Corresponding author.
E-mail address: venommd@gmail.com (G.A. Gross).

Background: The eastern coral snake (Micrurus fulvius) and the Texas coral
snake (Micrurus tener) account for roughly 100 snakebites a year. Anti-
venom (M. fulvius) of equine origin is currently the only antivenom
licensed in the U.S. for coral snake bites. Other available antivenoms, Anti-
coral® (Instituto Clodomiro Pocado, Costa Rica) and Coralmyn® (Instituto
Bioclon, Mexico), have offered promising results in counteracting effects of
M. fulvius venom in rodents. Prior to coral snake antivenom, the death rate
was approximately 10% due to cardiovascular and/or respiratory failure.
Case Report: A 29 year-old Hispanic male presented to the emergency
department 20 minutes post eastern coral snake bite. While gardening, he
picked up a pile of tree branches when the bite occurred to his right wrist.
He proceeded to the emergency room, registered within minutes and as he
was being escorted to the trauma room, the patient started to experience
severe respiratory distress, became apneic and collapsed. The patient was
quickly intubated and placed on a ventilator. Antivenom was not available
at this facility, hence he was transferred to a tertiary facility. The patient
was followed through discharge and full recovery was documented. An-
tivenom was used at the receiving facility, allowing earlier ventilator
weaning.
Discussion: Patients can be saved with the use of ventilatory support. This
case highlights how quickly respiratory arrest can occur with these types
of snake bites, and the hallmark of management is simply thinking about
your ABCs. Rapid airway management saved this patient’s life.
Conclusion: Physicians must consider elective endotracheal intubation
and mechanical ventilation before the onset of the more advanced
neurotoxic symptoms. Airway support is the mainstay of early manage-
ment. Once RSI (Rapid Sequence Intubation) is initiated, post-procedural
sedation can be used as these patients remain alert, despite paralysis from
the neurotoxicity.
Keywords: Neurotoxicity; Rapid Sequence Intubation; Micrurus fulvius;
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Micrurus tener

CROTALUS DURISSUS TERRIFICUS (VIPERIDAE; CROTALINAE)
ENVENOMATION AND TREATMENT WITH ANTIVIPMYN TRI®
ANTIVENOM

R.A. Baum 1, J. Bronner 2, P.D.S. Akpunonu 2, D.E. Keyler 3,*. 1 Pharmacy
Services, University of Kentucky HealthCare, Lexington, KY 40536 USA;
2Dept. Emergency Medicine, University of Kentucky-Chandler Medical
Center, Lexington, KY 40536 USA; 3Dept. Experimental & Clinical
Pharmacology, University of Minnesota, Minneapolis, MN 55455 USA

* Corresponding author.
E-mail address: keyle001@umn.edu (D.E. Keyler).

Objective: Crotalus durissus terrificus, the South American/cascabel rat-
tlesnake is recognized by the World Health Organization (WHO) as a
species of high medical importance due to significant morbidity and
mortality. Symptoms following envenomations have been reported to be
myo- and neurotoxic due to crotoxin, a phospholipase A2. Reports of en-
venomation are limited in the literature. We present a case of a profes-
sional herpetologist bitten in North America who responded positively
when treated with Antivipmyn TRI® antivenom.
Case: A 58-year-old male was preparing to extract venom from an adult C.
d. terrificuswhile using a tube for restraint when the snake flexed, the tube
fractured, and it bit the ulnar side of his wrist. Transport to the Emergency
Department by private vehicle with a personal supply of Antivipmyn TRI®
was initiated. Emergency Response met the patient en route approxi-
mately 20 minutes post envenomation and provided respiratory support
when the patient became apneic and unresponsive for what was described
as “diaphragmatic spasms”. The patient was intubated at a rural hospital
and further transported to a tertiary care facility. On arrival the patient had
significant right arm swelling and was in acute respiratory failure. Seven
vials of Antivipmyn TRI® were placed in one liter normal saline, and
initiated intravenously at 125 ml/hour (one hour and fifteen minutes post
envenomation). A herpetologist/toxicologist familiar with the patient was
consulted and recommended an additional 10 vials of antivenom with
observation for allergic complications. The patient had a past medical
history of envenomations and antivenom treatment, and an epinephrine
drip was available if significant allergic symptoms developed. Antivenom
was administered without significant adverse effect. Laboratory parame-
ters remained within normal limits with a mildly increased creatine kinase
(510 U/L), slight downward trend in platelets (250e177 K/mL), and a decline
in potassium (4.1e3.6 mEq/L). Aggressive fluid resuscitation was main-
tained. Approximately 5 hours post antivenom initiation the patient was
extubated. Urticaria with itching were noted on the patient’s chest and
arms approximately 5 hours post antivenom initiation.
Discussion/Conclusion: Limited clinical experience with C.d. terrificus
envenomations exists outside of the species natural geographic range. Our
patient experienced respiratory failure followed by a favorable response
with Antivipmyn TRI®, and was discharged approximately 48 hours post
envenomation.
Keywords: envenomation, C. d. terrificus, antivenom

CROTALUS OREGANUS CONCOLOR (VIPERIDAE; CROTALINAE): A CASE OF
ENVENOMATION WITH VENOM ANALYSIS FROM THE ENVENOMATING
SNAKE AND A DIAGNOSTIC CONUNDRUM OF MYO- NEUROLOGICAL
SYMPTOMS

D.E. Keyler 1,*, V. Saini 2, M. O'Shea 3, J. Gee 4, C.F. Smith 5,
S.P. Mackessy 5. 1Dept. Experimental & Clinical Pharmacology, University
of Minnesota, Minneapolis, MN 55455, USA; 2Mimbres Memorial Hospital,
Deming, NM 88030, USA; 3 Faculty, Science and Engineering University of
Wolverhampton, UK; 4 Portal Rescue, Portal, AZ 85632, USA; 5 School of
Biological Sciences, University of Northern Colorado, Greeley, CO 80639-
0017, USA

* Corresponding author.
E-mail address: keyle001@umn.edu (D.E. Keyler).

Background: Crotalus oreganus concolor is a smaller species of North
American rattlesnake indigenous to a confined middle region of the
western United States. Reports of envenomation to humans are quite rare,
and studies regarding the toxicity and pharmacological actions of C. o.
concolor venom have shown the presence of low molecular weight myo-
toxins with myotoxic effects, and low metalloproteinase activity.
Method: A case that occurred in a remote location following the bite of a
captive C. o. concolor is presented.
Case: The bite was sustained to the right thumb while removing the snake
from a drawer-type housing unit and it resulted in a single fang puncture.
Immediately, there was tingling in the bitten thumb followed by extreme
tingling in the lips that progressed to the toes, and tightening of the face,
forehead, and chest. Ambulance ground transport to a medical helicopter
airlift sitewas initiated.While in transport early on the patient experienced
a cascade of symptomsbeginningwith blurry vision, total bodyparesthesia,
dyspnea and transient diaphragmatic paralysis followed by three waves of
spastic muscle paresis of the hands and feet. These symptoms were tran-
sient and had resolved spontaneously prior to arrival at the hospital three
hours post bite. Patient laboratory values and coagulation parameters
remained within normal limits, except for a mild increase in D-dimer,
elevated creatine kinase, and reduced total calcium. Local envenomation at
the bite site was minimal, but numbness of the thumb persisted for longer
than a week. For various reasons antivenom was not administered at any
stage and symptoms were successfully managed symptomatically. At 24
hours, and following discharge, the patient was experiencing total body
weakness, but able to walk slowly without assistance. He continued to
experience myalgias in the right arm and overall generalized weakness for
several days. Several weeks later sloughing of skin around the bite site was
observed, but other local symptoms, other than numbness of the thumb,
had resolved completely. Venom from the offending snake was collected
and venom analysis performed revealing the presence of very high levels of
myotoxins, small peptides that induce rapid tetanic muscle contractions in
mice, and several serine proteinases often associated with coagulopathies.
Discussion/Conclusion: Causes of the patient’s transient myo-neurolog-
ical symptoms were confounding diagnostically with respect to those that
were potentially venom-induced versus those that may have been stress-
induced physiological responses.
Keywords: C. o. concolor, myotoxic, envenomation, neurological

TUMESCENT CONTRAVENOM: DILUTE SUBCUTANEOUS EPINEPHRINE
DELAYS SYSTEMIC ABSORPTION OR NEUROTOXIC COBRA VENOM

J. Klein. University of California, Irvine, Department of Dermatology, USA
E-mail address: jeff@kleinmd.com

Background: Snake envenomation is a neglected global health problem.
There is a need for a pre-hospital treatment of neurotoxic snakebite that
prolongs survival and allows time for a victim to reach a hospital for an-
tivenom therapy. Tumescent epinephrine consists of a large volume of
dilute epinephrine (2mg/L) injected subcutaneously. It functions as “con-
travenom” by causing capillary vasoconstriction and delaying venom
absorption.
Methods: A murine model of neurotoxic envenomation using lidocaine as
a surrogate for neurotoxic snake venom was first developed in a pilot
study. A lethal dose of lidocaine was injected subcutaneously into control
and treatment groups. Mice in the treatment group were then treated with
a tumescent infiltration of dilute epinephrine in saline, while control mice
either received no treatment or tumescent infiltration with saline alone.
The experiment was repeated using lethal doses of neurotoxic Naja naja
cobra venom. The main end-points were survival rate and survival time.
Results: None of the control mice survived a lethal (LD100) dosage of
subcutaneous lidocaine. Mice given an LD100 of subcutaneous lidocaine
and treated immediately with tumescent epinephrine had 80% survival.
Following LD50 doses of Naja naja venom, 50% of control mice survived,
while 94% survived when treated immediately with tumescent epineph-
rine (P < 0.01). All animals died following LD100 doses of Naja naja venom,
but survival was significantly prolonged (p < 0.0001) by immediate
tumescent epinephrine.
Conclusions: Tumescent epinephrine, when given immediately after toxin
injection, improves survival rates in mice following neurotoxic doses of
lidocaine or Naja naja cobra venom.
Keywords: Contravenom, tumescent, epinephrine, Naja naja
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DEADLY STINGS

W.R. McKenna, G.A. Gross, K.D. Gross*, F. Moran, C. Hodges,
A.A. Betancourt, D. Padilla. Valley Baptist Medical Center, Harlingen, TX, USA

* Corresponding author.
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Background: Bee stings contribute significantly to the number of human
deaths in the U.S. directly caused by animals. Bees kill approximately 56
people per year. This number is increasing due to the aggressive African-
ized honey bee, which is taking over the southern United States. At our
institutionwe have several patients, per year, that are severely envenomed
and require critical care.
Case Report: A 50-year old Hispanic male was attacked and received
approximately 200 bee stings diffusely on his upper body. No acute res-
piratory distress was noted at the time of report. EMS described the patient
as lethargic prior to 0.3 mg of epinephrine and 50 mg Benadryl IV. No
known past medical history. Vitals on scene: blood pressure 72/46 mm/hg,
O2 saturation 99%. During physical exam of the pateint, upon arrival, he
remained very somnolent, but arousable, no stridor or wheezing noted at
the time. Several boluses of normal saline were required to improve blood
pressure. Methylprednisolone (Solu-Medrol) 125 mg IVP (intravenous
push) was given in the Emergency Department and he was transferred to
the Intensive Care Unit (ICU) for further care. Measures in the ICU were
continued and he was transferred to the floor in less than 24 hours after
ICU arrival.
Discussion: Proposed guide for the degree of venom exposure, predicted
clinical expression, evaluation and management (not including immediate
hypersensitivity Ig-E reactions, > age 65 years, and those with significant
underlying medical conditions). A rapid sting count is mandatory.
Conclusion: Medical centers in the United States, especially in southern
areas, should increasingly prepare to treat cases of envenomation by bee
sting due to the growing populations of the aggressive Africanized honey
bee. Patients may require treatment of various types, from topical to
intensive and life support management. The recommended treatment is
determined by the ratio of stings to the patient’s body weight, as well as by
indication of laboratory results. In severe cases, complications such as
renal failure, cardiovascular conditions, and altered mentation and con-
sciousness, among others, are possible. Our patient depicts a moderate
venom exposure who required the need to be transfered to the ICU. This
case may serve to establish further need for research on Africanized bee
sting poisoning and the patients need for hospitalization and higher level
of care.
Keywords: Africanized honey bee, sting, envenomation, southern United
States;

LACHESIS BITE

L.R. Pelly 1, G.B. Henley 1, G.A. Gross 1,*, D. Merrill 1,
A. Venugopalan 2. 1Valley Baptist Medical Center, Brownsville, TX, USA;
2Department of Emergency Medicine, MOSC Medical College Hospital,
Kolenchery, Ernakulam District, Kerala, India

* Corresponding author.
E-mail address: venommd@gmail.com (G.A. Gross).

Introduction: Case report of an accidental snakebite by a Costa Rican
Bushmaster (Lachesis stenophrys) on a very experienced herpetologist/
handler with known venom Ig-E hypersensitivity and anaphylaxis. Pro-
tocol was followed with favorable outcome. The Bushmaster is the largest
pit viper in the western hemisphere and possesses a very deadly venom.
Case report: Direct patient care was provided by an experienced Critical
Care Team. Antivipmyn-Tri® used with remarkable success. A 26-year old
male was feeding a Lachesiswhen he was suddenly bitten on the left wrist,
proximal to the thumb. The patient was immediately taken to the Emer-
gency Department at Valley Baptist Medical Center Brownsville, where he
received a rapid IV infusion of 5 vials of Antivipmyn-Tri®, followed by post
pre-treatment with Solu-Medrol®, Benadryl, Epinephrine, due to his
hypersensitivity to venom. He subsequently required a total of 20 vials of
antivenom to reverse progression. He was discharged from the hospital 36
hours later, without any complications. He was followed closely by our
team and no additional interventions were required.
Discussion: Lachesis stenophrys snakebites are associated with significant
pain and swelling; severe systemic consumption coagulopathy and sig-
nificant bleeding.
Conclusion: The administration of antivenom is the most important de-
cision that a treating team must make and the ever-present variable of
hypersensitivity must be considered and addressed without hesitation.
Keywords: Bushmaster, snakebite, Lachesis

DON'T PET YOUR GABOON VIPER!

J. Pittman. Florida Snakebite Institute, Tampa, FL, USA
E-mail address: traumajunkiejoe@juno.com

Background: A report of an illegally-possessed Gaboon viper (Bitis
gabonica) envenomation, and outline of a team effort in treatment.
Case: A 31-year-old male was bitten on the distal tip of the index finger on
the left hand by his illegally-possessed Bitis gabonica. In the Emergency
Department (ED), the Florida Snakebite Institute (FSI) was consulted by the
ED and the local poison information center to assist with treatment. At the
direction of FSI the Miami-Dade Antivenom Bank was contacted to obtain
SAIMR polyvalent antivenom which would be transported by fixed-wing
aircraft. On initial assessment the finger was ecchymotic with multiple
blebs and oozing blood from the fang punctures. Swelling and pain
extended from the hand to the axilla, and lymphadenopathy was appreci-
ated. He was observed to be intoxicated and intentionally fabricated a
history of being bitten in Philadelphia and driving to Florida because no
antivenomwas available in Philadelphia in an effort to avoid confiscation of
the illegal viper andprosecution by Fish andWildlife. Vital signswere stable
although tachycardic (132) and hypertensive (188/107). He described a 10
out of 10 intensity burning pain which was resistant to morphine and
hydromorphone. Initial laboratory studies were unremarkable, however
repeat studies indicated a fibrinogen level of 173 mg/dL and fibrin degra-
dation products (FDP) were detected at greater than 40 ug/mL. 30 vials of
SAIMR antivenom arrived approximately 6 hours post bite, and despite the
FSI recommendation of 10 vials based on World Health Organization
(WHO) literature, 5 vials was recommended by the poison center toxicol-
ogist. Post administrationvital signs andpain remained unchanged, and the
fibrinogen had decreased to 130 mg/dL, FDP remained greater than 40 ug/
mLandplatelets reached a lowof 150 th/uL. FSI recommended an additional
5 vials and the toxicologist concurred. Following the additional antivenom,
vital signs normalized, pain decreased and the laboratory values progressed
to normal. A needle aspiration of the blebs was performed by hand surgery
and at 96 hours the final necrosis had declared itself. He was discharged
with a referral for outpatient hand surgeon management. The patient
attempted follow-up but because of financial reasons returned to the ED
with a fabricated complaint of chest pain, and amputation was performed
during the admission.
Discussion/Conclusion: Exotic envenomations pose significant challenges
for physicians including patients’ honesty, lack of species-specific knowl-
edge and locating and obtaining appropriate antivenom. By utilizing all
available resources in a team effort, this patient was afforded the highest
standard of treatment.
Keywords: Gaboon, viper, amputation

ASP VIPER (VIPERA SPP) ENVENOMATION IN A 4-YEAR OLD BOY

C. Rangan 1,*, D.E. Keyler 2. 1Children’s Hospital, Los Angeles, CA, USA;
2Department Experimental & Clinical Pharmacology, University of
Minnesota, Minneapolis, MN, USA

* Corresponding author.
E-mail address: crangan@mac.com (C. Rangan).

Background: The Nose-horned viper (Vipera ammodytes) is one of three
Vipera spp responsible for envenoming in Europe. Its geographic range is
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confined to northern Italy. Envenomation results in significant swelling
and neurological symptoms.
Case: A 4 1⁄2 year old boy from Los Angeles was visiting Tuscany with
family. While playing outside, his parents heard him crying, and found him
holding his right index finger in pain. Two red bloody marks were
observed, and it was presumed a snake had bitten him. They cleansed the
wound, and after 30 minutes they noticed that he began to appear tired,
with poor eye contact and delayed response to voice. They drove 1.5 hours
to an urgent care facility, described the incident to the triage nurse. After
about 45 minutes, his condition deteriorated further, with significantly
decreased responsiveness to voice, staring straight ahead, and drooping
eyelids. An ambulance arrived after 60 minutes, and then drove another 60
minutes to a hospital in Florence. Upon arrival, he was lethargic, with
ptosis, nystagmus, mild tremor in both upper extremities, and hypoten-
sion. He was administered intravenous fluids and 2 vials of antivenom
(ViperaTab®) on presumed envenomation by a European Asp. Additionally,
he was started on a twice-daily course of intravenous hydrocortisone. On
the morning of Day 2, the right hand began to swell significantly. Ptosis
and nystagmus improved slightly. His mother grew concerned over the
lack of communication from the hospital staff, and began communicating
with the patient’s personal pediatrician in California. Hospital staff were
asked about the potential need for more antivenom, when the swelling
began, but they were informed that no more antivenom would be given.
On Day 4, the patient began a 4-day course of prophylactic low- molecular
weight heparin, a decision which was queried by various toxicologists and
other experts from abroad, who were contacted by the mother for unof-
ficial consultation. The full course of heparin was administered, and hy-
drocortisone was also continued throughout his hospital course. No
antivenomwas administered beyond the 2 vials. He was discharged on the
evening of Day 7. Upon returning home, he had full range of motion,
minimal pain, no swelling, and mild tenderness with grasping. Several
days later, he developed urticaria, itching, and swelling over the affected
finger, with no pain, tenderness, or decreased range of motion. This finding
self-resolved over approximately one week.
Discussion/Conclusion: The geographical site of the bite occurrence and
significant neurological symptoms and extensive swelling in this patient
parallels the clinical envenomation profile reported in cases of Vipera
ammodytes envenomation. Despite the limited dosing of antivenom the
resolution of the child’s symptoms occurred relatively quickly following
antivenom therapy.
Keywords: Viper, antivenom, neurological
Epidemiology
NEUROTOXIC SNAKEBITE IN GUINEA: ADDRESSING A COMPLEX PUBLIC
HEALTH CRISIS

J. Benjamin 1,*, E. Gren 2. 1Whitman University, Seattle, WA, USA; 2 Loma
Linda University, Center for Diversity and Conservation Studies, USA

* Corresponding author.
E-mail address: Jordan@snakebitesolutions.com (J. Benjamin).

Background: Snake envenomation represents a significant neglected
public health crisis in Sub-Saharan Africa. Over 300,000 snakebites are
treated every year in health centers, but the actual incidence of enven-
omation is likely much higher. While the total incidence of bites by
neurotoxic elapid species in Africa is lower than that of vipers, lethality
associated with elapid envenomation is dramatically higher. Many pa-
tients die before reaching a clinic and the true burden of neurotoxic snake
envenomations in Africa is therefore largely unknown. Clinical manage-
ment of these patients is complicated by the rapid onset of life- threat-
ening effects and a lack of essential equipment and medications with
which to manage them.
Method: A recent study in Guinea documented a high case fatality rate
(CFR) for neurotoxic envenomations despite antivenom treatment, which
has also been reported in similar studies in other regions of Africa and Asia.
We describe the challenges faced in assessing this public health crisis and
discuss interdisciplinary approaches for addressing it.
Discussion/Conclusion: Ours is the first prospective study of neurotoxic
elapid envenomations in Guinea to investigate the high CFR and apparent
lack of significant clinical benefit from antivenom therapy.
Keywords: Neurotoxic, Guinea, Public Health

SNAKEBITE TREATMENT IN SUB-SAHARAN AFRICA

R. Morgan. African Society of Venimology, South Africa
E-mail address: rayinla@gmail.com

Background: Snakebite is one of the most important neglected tropical
diseases in Sub-Saharan Africa, with fatalities estimated to be between
30,000 and 50,000 per year and several times that many left with per-
manent injuries. The epidemic is characterized by a feedback cycle in
which factors such as insufficient epidemiology, inadequate training of
medical professionals, insufficient supplies and distribution of antivenom,
and low public confidence in the healthcare system reinforce and amplify
each other.
Method/Discussion: We report on a project underway to produce video
training materials for African doctors and nurses covering epidemiology,
use of antivenom and supportive care, pre- and post-hospital care, medi-
cally important snakes of Africa, public policy, and related subjects.
Conclusion: The use of video technology for the training of medical
personnel regarding the treatment of venomous snakebite in Sub-Saharan
Africa will provide for more effective, more consistent and improved
medical management.
Keywords: Snakebite, Sub-Saharan, Training

FOOD SPECTRUM OF THE COMMON KRAIT (BUNGARUS CAERULEUS):
AN IMPLICATION FOR SNAKEBITE PREVENTION AND SNAKE
CONSERVATION

D. Pandey 1,2,*, P. Bhattarai 3, R.C. Piya 4,5. 1 South Asian Clinical Toxicology
Research Collaboration, University of Peradeniya, Sri Lanka; 2Clinical
Toxicology Research Group, University of Newcastle, Australia;
3Department of Zoology, Birendra Multiple Campus, Tribhuvan University,
Bharatpur, Nepal; 4Department of Zoology, Birendra Multiple Campus,
Tribhuvan Univesity, Bharatpur, Nepal; 5Apex Academy, Bharatpur, Nepal

* Corresponding author.
E-mail address: debpandey@gmail.com (D. Pandey).

Background:We aimed to examine food contents in the gut of dead kraits
involved or not involved in snakebite to determine their most favored prey
animals.
Method: We examined the gut of 34 dead Common Kraits preserved in
collections maintained in hospitals and museums, and a single live snake,
during July 2016 to March 2017 to identify food contents in their stomachs
and intestines. Coarse food contents were identified by comparing
morphological features of the prey animals. Fine food contents were
studied using a hand lens and microscope, and food contents were
confirmed by evaluating general morphological features of the food con-
tents. Male and female sexes were confirmed evaluating the claspers in the
tail region and gonads.
Results: Among 35 Common Kraits (Bungarus caeruleus), that included a
live snake examined, their consumed foods were: two frogs, five consumed
non-snake prey animals that constituted bird (one partly digested) and
rodents (adult and juvenile rodents), and one krait had fed on a snake that
was partially digested. We could not confirm prey animals using the tiny
fragments of several undigested food contents in intestine. The intestine of
10 snakes contained mammalian furs/hairs. The snout-vent lengths of the
study snakes averaged 739 ± 188 mm (n ¼ 34, standard deviation).
Discussion: Recently eaten, or partly digested food contents in the stom-
ach, and majority of empty stomachs suggests that snakes entered indoors
and the premises of the houses for feeding or looking for the particular
prey animal owing to hunger or food stimuli. The results provide
conceivable reasons of encounters between kraits and people indoors or
around the premises of houses. Food factors (i.e. food stimuli) may influ-
ence entry of kraits into residences.
Conclusion: This information may be useful to develop effective
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prevention strategies against potential deadly venomous snakebites. Also,
effective prevention strategies lessen the fear of snakes, which conse-
quently minimizes their ruthless killing. This eventually contributes to
biodiversity and conservation as well.
Keywords: Krait, prey, snakebite, conservation

ECO-EPIDEMIOLOGICAL CIRCUMSTANCES, PRE-ADMISSION HISTORIES
AND ASSESSMENT OF RISK FACTORS OF ENVENOMING AND DEATH
DUE TO KRAIT AND RUSSELL'S VIPER BITES IN SOUTHERN NEPAL

D.P. Pandey 1,2,*, S.K. Sharma 3, E. Alirol 4, C.M. Sharma 5, C. Thapa-
Magar 6,7, F. Chappuis 4, U. Kuch 8. 1Department of Herpetology,
Senckenberg Research Institute and Natural History Museum, Frankfurt am
Main, Germany; 2 South Asian Clinical Toxicology Research Collaboration,
Faculty of Medicine, University of Peradeniya, Sri Lanka; 3B.P. Koirala
Institute of Health Sciences, Dharan, Nepal; 4Division of Tropical and
Humanitarian Medicine, University Hospitals of Geneva, Geneva,
Switzerland; 5Bajradal Battalion Snakebite Treatment Centre, Tribeni,
Nawalparasi, Nepal; 6 Sindhuli District Hospital, Nepal Government,
Sindhuli District, Nepal; 7Kaligandaki Health Foundation, Kawaswoti,
Nawalparasi, Nepal; 8Department of Tropical Medicine and Public Health,
Goethe-Universit€at, Frankfurt am Main, Germany

* Corresponding author.
E-mail address: debpandey@gmail.com (D.P. Pandey).

Background: Snakebite envenoming due to kraits in Nepal is a serious
medical emergency that often results in deaths of people because krait
(Bungarus species) bite case does not respond to antivenom usually once
paralysis has occurred. Russell's Viper (Daboia russelii) appears to be rare in
Nepal. However, eco-epidemiological information on krait and Russell's
Viper bites is insufficient. Here, we describe eco-epidemiological circum-
stances, socio-economic condition and prehospital interventions used for
proven krait and Russell's Viper bites with definite localities, habitat in-
formation, and voucher specimens for the first time in Nepal.
Methods: We analysed the eco-epidemiology of proven 46 krait and 10
Russell's Viper bites using mixed research methods and face-to-face in-
terviews of the patients at the geographic location where the bite was
obtained using questionnaires and voice recording during November 2011
through December 2014. We used percentages for analysed categories and
mean (or median), standard deviations and standard error of mean for the
continuous variables.
Results: Indoors at night while sleeping during the rainy season was the
main risk for krait bites, and during day hours while engaged in agricul-
tural activities in rural areas for Russell's Viper bites. Unlike Russell's Vi-
pers, kraits pose a risk of bite to people living in rural to urban areas, in all
types of houses, and having higher socio-economic status, too. These
snakes predominantly affected farmers. 78% of the patients used a tour-
niquet and none of them applied the recommended first aid. The case
fatality rate (CFR) due to krait bites was 17%. There was no death due to
Russell's Viper bites.
Discussion: The circumstances of krait bite differ from previous findings
elsewhere. There are clear monthly and seasonal patterns of krait bites, as
is reported from Sri Lanka and India. But Russell’s Viper bites are typically
related to various agricultural activities, as is reported in Sri Lanka. Enve-
noming due to B. walli is the first report of its bite with locality details and
voucher specimens in Nepal although Schleich et al. doubted on its
occurrence in Nepal. Unlike our findings, Russel�ls Viper bite caused 0e4%
CFR in Sri Lanka.
Conclusion: Bites due to Bungarus walli and Daboia russelii represent the
first proven envenoming of this species in Nepal. This highlights the need
of considering their bites to be serious and preserving snakes brought into
snakebite treatment centers. Krait bites occur in all sectors of the Nepalese
communities, which suggests that krait bites are no longer a disease of the
poor in Nepal.
Keywords: snakebite, Daboia, Bungarus, eco-epidemiology

MEDICALLY RELEVANT VENOMOUS SNAKES AND THEIR DISTRIBUTION
IN NEPAL: A HOSPITAL BASED STUDY
D.P. Pandey 1,2,*, S.K. Sharma 3, E. Alirol 4, C.M. Sharma 5, C. Thapa-
Magar 6, M. Goode 7, F. Chappuis 4, U. Kuch 8. 1Department of Herpetology,
Senckenberg Research Institute and Natural History Museum, Frankfurt am
Main, Germany; 2 South Asian Clinical Toxicology Research Collaboration,
Faculty of Medicine, University of Peradeniya, Sri Lanka; 3B.P. Koirala
Institute of Health Sciences, Dharan, Nepal; 4Division of Tropical and
Humanitarian Medicine, University Hospitals of Geneva, Geneva,
Switzerland; 5Bajradal Battalion Snakebite Treatment Centre, Tribeni,
Nawalparasi, Nepal; 6 Sindhuli District Hospital, Nepal Government,
Sindhuli District, Kaligandaki Health Foundation, Kawaswoti, Nawalparasi,
Nepal; 7Wildlife Conservation and Management, School of Natural
Resources & Environment, University of Arizona, Tucson, AZ, USA;
8Department of Tropical Medicine and Public Health, Goethe-Universit€at,
Frankfurt am Main, Germany

* Corresponding author.
E-mail address: debpandey@gmail.com (D.P. Pandey).

Background: Nepal harbors diverse populations of venomous snakes that
often cause medical emergencies resulting in fatalities. However, a
comprehensive understanding of snake species involved in envenoming is
still lacking. To fill this gap, we aim to document species involved in
snakebites in Nepal and risk relating to time, season, and environmental
location for medically relevant snakebites.
Methods: We studied snakes brought into nine snakebite treatment cen-
ters by victims or their attendants from tropical and subtropical regions in
Nepal between 2011 through 2014, geo-referenced the locality where the
bite occurred, obtained habitat information, and assessed high-risk time,
month and environmental location of snake bites. We identified snake
species by studying scalation and morphometric characters.
Results: Thirty-two species were identified from the 349 specimens sub-
mitted (11 species accounting for 199 snakes (57% of all submitted snakes)
were medically relevant, 10 species (71 snakes, 20%) had doubtful medical
relevance, and 11 species (79 snakes, 23%) were nonvenomous). Naja naja
(n ¼ 76; 22% of all snakes), Bungarus caeruleus (65; 19%) and B. walli (13;
4%) were the most common, medically relevant snakes. Xenochrophis
piscator (23; 7%) and Boiga trigonata (13; 4%) were the most frequently
presented snakes with doubtful medical relevance. A frequently presented
non-venomous snake was the Lycodon aulicus (40; 12%), which was often
mistaken as a krait species. Consequently, two patients with subsequently
proven L. aulicus bites were treated with antivenom. Many venomous
snake bites occurred indoors (56; 28%), within the premises of homes (15;
8%), on a sleeping-bed (27; 14%) and on agricultural lands (17; 9%) mainly
during the night (46; 23%), followed by morning (29; 15%), day (21; 11%),
evening (20; 10%), and early morning (5; 3%).
Discussion: This is the first comprehensive documentation of medically
relevant snakes that represented 61% of the snake species capable of po-
tential envenomation to people in Nepal. Five of six Bungarus species re-
ported to occur in Nepal were involved in bites. Thirteen B. walli and ten
Daboia russelii verified specimens represent the first proven bites by these
species in Nepal. Previously, B. walli was doubted to occur in Nepal or was
reported without locality details. There is uneven distribution of the
similar looking B. caeruleus in Nepal.
Conclusions: The highest risk time for bites is after dark for kraits and in
the daytime for cobras and Russell’s Vipers. Similarly, the highest risk areas
are indoors for kraits and agricultural areas for cobras and Russel�ls Vipers.
Our results form the basis for developing snake identification tools
essential for the development and implementation of more effective
strategies for prevention and management of snakebite and for appro-
priate antivenom design and distribution.
Keywords: Envenomation, Neurotoxicity, Snakebite, Medical relevance,
Species diversity

LOW SOCIOECONOMIC DEVELOPMENT IMPACTS TREATMENT OF SNAKE
ENVENOMATION IN BRAZIL

J.J. Ye 1, J.F. Scheidt 2, C.A. Staton 1,3,4, L. Andrade 2, J.R.N. Vissoci 1,3,4,
C.J. Gerardo 1,3,*. 1Division of Emergency Medicine, Department of Surgery,
Duke University School of Medicine, USA; 2Universidade Estadual de
Maring�a, Faculdade de Medicina, Brazil; 3Duke Global Health Institute,
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Background: According to theWorld Health Organization, 4.5e5.4 million
people are bitten by snakes each year with the number of deaths ranging
from 81,000 to 138,000. Most of these snakebites occur in tropical and
subtropical, low- and middle-income countries (LMIC). Between 2001 and
2012 in Brazil, 28% of injuries and 54% of deaths from venomous land
animals were attributed to snakes. Mitigating the morbidity and mortality
of these bites depends on timely administration of antivenom. Although
Brazil’s national health system provides free healthcare, socioeconomic
inequalities and variable access to care impacts outcomes. Our aims were
1) to determine the prevalence of venomous snakebites in Brazil using a
geographic information system (GIS); and 2) to evaluate geospatial asso-
ciations between mortality, clinical complications and socioeconomic
development.
Methods: Using data from 2010 to 2015 in Brazil’s national healthcare
databases, we identified areas of high snakebite prevalence, mortality and
incidence of clinical complications through GIS. Complications were
defined as manifestations localized to the site of envenomation (secondary
infection, necrosis, compartment syndrome, functional deficit or ampu-
tation) or systemic sequelae of envenomation (renal insufficiency, respi-
ratory insufficiency, pulmonary edema, sepsis or shock). These outcomes
were spatially associatedwith location and socioeconomic development as
measured by the Human Development Index (HDI). Areas with a higher
density of bites and outcomes associated with HDI were identified with
Geographically Weighted Regression.
Results: Between 2010 and 2015, 602 out of 141,408 cases (0.4%) of
venomous snakebites were fatal. Areas with a higher prevalence of
snakebites (Moran’s I ¼ 0.375), such as the North and Northeast regions,
are also areas with higher mortality (Moran’s I ¼ 0.129), incidence of local
(Moran’s I¼ 0.178) and systemic clinical complications (Moran’s I¼ 0.253),
lower income (Moran’s I ¼ -0.085) and lower HDI (Moran’s I ¼ -0.039).
Conclusion: In Brazil, areas with lower socioeconomic development carry
the greatest burden in not only the number of snakebites but also mor-
tality and clinically significant complications from envenomation. By
mapping regions disproportionately affected by snakebites, GIS guides the
prioritization of future interventions. Developing effective pre-hospital
therapies and improving availability of antivenom in these areas are
necessary to improve mortality from snake envenomation in Brazil.
Keywords: Envenomation, snakebite, Brazil, GIS
Evolution and ecology
CONSERVATION EFFORTS FOR THE ARMENIAN VIPER, MONTIVIPERA
RADDEI: SPATIAL ECOLOGY, PROTECTED AREAS AND MORE

J. Ettling. Sedgwick County Zoo, Wichita, KS, USA
E-mail address: mtnviperman@yahoo.com

Background: The Armenian Viper Montivipera raddei has a fragmented
distribution in the mountainous regions of Armenia, western Azerbaijan,
eastern Turkey and northwestern Iran. Their populations have decreased
by 88% over the past 40 years as a result of habitat alteration/destruction,
human persecution and over-collection for the pet trade. While aspects of
the reproductive behavior of the Armenian Viper have been documented
nothing has been published on the spatial ecology, genetic diversity or
population structure of the species.
Method: Over the past 14 years, together with my Armenian colleagues
Aram Aghasyan, Ph.D. and his son, Levon Aghasyan, Ph.D. of the Scientific
Center of Zoology and Hydroecology of the National Academy of Sciences,
Yerevan, Armenia, we have studied Armenian Viper populations inhabiting
two different landscapes: one inhabiting a human-modified landscape
with a combination of overgrazing and interspersed agricultural fields and
the other inhabiting a recovered natural landscape formerly grazed by
livestock, but allowed to revert to its wild state over the past ten years. The
two study sites were separated by 397 kilometers. We compared home
range size, movements, genetic diversity and population structure be-
tween the viper populations inhabiting these landscapes. In particular, we
were interested inwhat impact humanmodifications to the landscapemay
be having on the vipers and their prey.
Discussion/Conclusion: Our goal was to use the data from our studies to
develop conservation management recommendations for the Armenian
Viper.
Keywords: Armenian viper, populations, landscapes

BEAK OF THE SNAKE: CAUSES OF VENOM VARIATION IN SISTRURUS
RATTLESNAKES

H.L. Gibbs*, M. Holding, S. Smiley-Walters. Department of Evolution,
Ecology and Organismal Biology, Ohio State University, Columbus OH
43210, USA

* Corresponding author.
E-mail address: gibbs.128@osu.edu (H.L. Gibbs).

Background: Intraspecific variation in snake venom is widely hypothe-
sized to be adaptive, yet functional tests of this idea are lacking.
Method/Discussion: Here we summarize two research directions our lab
has used to address this question. First, functional measures of venom
toxicity based on LD50 assessments of the venom of individual Pigmy
rattlesnakes (Sistrurus miliarius) show that individual variation in toxicity
within populations accounted for 3.6 times more variation in prey mor-
tality than between-population variation. This data identifies under-
standing the ecological and evolutionary factors maintaining high levels of
venom toxicity within snake populations as an important yet largely un-
explored research question. Second, we use functional tests to show that
coevolutionary interactions play in the evolution of venom toxicity and
prey resistance in northern Pacific rattlesnakes (Crotalus o. oreganus) and
California ground squirrels (Otospermophilus beecheyi). Specifically, we
show evidence for local adaptation suggesting that a phenotype matching
mechanism of coevolution rather than a phenotype differences (arms race)
mechanism best explains coevolution between venom and resistance
proteins.
Conclusion: Broadly, our studies show how combining conceptual
frameworks with functional data can provide new insights into how
intraspecific variation in snake venom evolves.
Keywords: Intraspecific, venom, variation, Sistrurus

BIOCHEMICAL WARFARE: THE COEVOLUTION OF VENOM AND VENOM
RESISTANCE AMONG SMALL MAMMALS

K. Robinson*, R.W. Clark. San Diego State University, Department of Biology,
San Diego, CA, USA

* Corresponding author.
E-mail address: kellyrobinson4788@gmail.com (K. Robinson).

Background: Pit viper venom is a lethal cocktail of toxins. One class of
these toxins, called snake venom metalloproteinases (SVMPs), cause
hemorrhaging and facilitates the spread of other toxins throughout their
prey. Resistant mammal species innately express SVMP inhibitor proteins
(SVMPIs) in their blood serum, proteins which neutralize SVMPs and
impede the effectiveness of venom. Individuals with high levels of SVMPIs
can survive envenomations that would rapidly immobilize or kill non-
resistant mammals. Thus, the effects and severity of the envenomation
depend in part on how well SVMPIs can mitigate the venom components.
Presumably, individuals expressing high levels of SVMPIs would be im-
mune to venom. However, there are apparently ecological and physio-
logical factors constraining mammals showing resistance to snake venom
because these species are still the primary prey items of sympatric rat-
tlesnakes. In this system, the ability for prey to resist snake venom and the
chemistry of the venom itself seem to vary at the level of species, pop-
ulations, and individuals within populations.
Method: To further understand this variation in venom efficacy and
resistance we are studying venom from two rattlesnakes (Crotalus
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oreganus helleri, C. ruber), and serum samples from two mammals (Cal-
ifornia ground squirrel, Otospermophilus beecheyi; Wood rat Neotoma
lepida) from four San Diego County locations. Each species occurs at all
sites; however, on a microhabitat scale C. ruber and the Neotoma lepida
more frequently coexist as do C.o. helleri and O. beecheyi. Using these
samples, we are conducting metalloproteinase digestive fluorescent
gelatinase assays to quantify venom efficacy and resistance among in-
dividuals. Randomly pairing venom and serum samples within and be-
tween populations will allow us to assess variation in these traits at
multiple biological levels of organization.
Results: Preliminary results show that all mammals studied inhibit snake
venom to some degree. Results suggest that N. lepida and O. beecheyi can
inhibit SVMPs from each snake species, with no clear specialization to-
wards the species they interact with more commonly. In addition, results
from pilot assays of venoms demonstrate that C. ruber venom has much
higher levels of SVMP activity than C.o.helleri.
Discussion: Results suggest that prey may have varying susceptibility to
envenomation effects depending on the snake species. As we continue to
conduct assays we will hopefully reveal more about ecological and phys-
iological elements that shape venom chemistry and resistance.
Conclusion: Through this research, we will determine why venom efficacy
and venom may vary among individuals, populations and between species
andwill also give insight intowhatmay be constrainingmammal resistance.
Keywords: Venom, mammal, resistance, pit viper

ON A MISSION: VENOM PRODUCTIOIN, EDUCATION, AND
CONSERVATION CHALLENGES

K. Wiley. Kentucky Reptile Zoo, Slade, KY, USA
E-mail address: kentuckyreptilez@bellsouth.net

Background: Venom production has advanced far beyond the original
methods, which frequently involved poor husbandry, over-collection of
wild specimens, and premature death of animals used in extractions.
Discussion: Despite improvements, it is not acceptable for facilities that
house and use live wild animals to rest on their laurels. Maintenance of live
animals creates an ethical imperative on three fronts. The first is to provide
high-quality husbandry to those animals. Secondly, it is important to make
use of captive animals in as many ways as possible. An animal in captivity
has been lost to the wild gene pool, and that sacrifice must be justified.
Lastly, it is no longer appropriate for those involved with living animals to
remain isolated from the political and conservation arenas, because the
very existence of the study organisms is in jeopardy from a variety of fronts.
Conclusion: A variety of ideas and methods will be addressed to meet
these challenges for a variety of stakeholders, including zoos and other
venom production facilities, colleges and universities, and pharmaceutical
and other biochemical companies
Keywords: Venom, conservation, husbandry
Husbandry
CONSIDERATIONS AND CHALLENGES IN DESIGNING A VENOMOUS
SNAKEBITE PROTOCOL

K. Shoemaker. Kentucky Reptile Zoo, Slade, KY 40376 USA
E-mail address: KatD89@windstream.net

Background: In any facility housing venomous snakes, a protocol out-
lining the method of getting the bite victim to the proper medical facility
efficiently is a key component of its daily operations. Certain details of the
protocol follow universal recommendations for treatment, but each facility
must also have details that best suit the layout of the facility, the needs of
its staff, and the proximity and relationship that they have with their
receiving medical facility. This may present logistical challenges and
unique solutions; comparing these challenges and solutions among mul-
tiple facilities may allow for idea sharing that improves the methods of
everyone participating.
Method: Interviews were conducted with senior staff members of 17
zoological facilities across the United States. Of these, 70% were AZA (As-
sociation of Zoos and Aquariums) accredited institutions, while the
remaining 30% were other zoological institutions that house venomous
snakes for display, educational and other purposes such as venom
extraction. The questions presented in the interviews were both quanti-
tative (frequency of bite drills, etc.) and qualitative or anecdotal (attitude of
staff while performing drills, quality of relationship to medical facility,
etc.).
Discussion/Conclusions: Components of snakebite protocol that were
common among those interviewed were regular drilling (quarterly being
the most ideal), proper training of the staff in handling venomous animals,
the presence of an alarm or communication system to reach all staff in the
institution, general first aid (victim is calm, removes jewelry, bite site is
elevated if possible), easily accessible antivenom, and a premeditated plan
for emergency transport. Notable variations among protocols were the
style of alarm (wall switches, wearable buttons, the volume of the alarm),
the amount of detail in the written protocol (highly detailed and thorough
vs. short and easy to follow), and the extent of the facility’s familiarity with
its receiving medical personnel. Some challenges presented were efficient
emergency transport when the facility or the surrounding roads are busy,
keeping up with staff turnover in both the zoo and the hospital, ensuring
individual staff members are trained so that they are comfortable and safe
with venomous snakes, and keeping the protocol regularly updated and
properly communicated to all staff. Regular open discussion within and
between institutions is a way to offer solutions to these challenges and
others that were not presented.
Keywords: protocol, snakebite, zoo
Veterinary
PERSISTENT PIT VIPER ENVENOMATION IN A CAT

M. Schaer*, I. Yankin, M. Johnson, T. Meland, L.A. Londono. University of
Florida, College of Veterinary Medicine, Department of Small Animal
Clinical Sciences, USA

* Corresponding author.
E-mail address: schaerm@ufl.edu (M. Schaer).

Background: Pit viper envenomation is a common affliction to dogs and
cats in north central Florida. Although persistent envenomation has been
described in the dog and humans, this complication has not been previ-
ously diagnosed in the cat. This abstract describes persistent pit viper
envenomation in a cat.
Case: A 4-year-old female spayed, indoor/outdoor domestic medium hair
cat
presented with multiple bleeding puncture wounds and hemorrhagic
shock. The cat was diagnosed with suspected pit viper envenomation
based on the location and appearance of the bite wounds, as well as the
presence of severe coagulopathy with prolonged
activated coagulation time (762 s), which responded to antivenom
administration. The clinical course of the cat was unique owing to the
prolonged clinical signs of envenomation that appeared as intermittent
coagulopathy and hemorrhage over a 2 week period. Five vials of anti-
venom were administered and three units of packed red blood cells were
transfused over a 7-day period. The cat made a complete recovery with
cessation of hemorrhage and normalization of clotting times.
Discussion: Venom-induced coagulopathy is caused by proteolytic en-
zymes that can lead to defibrination and increased clotting times that can
be measured with standard coagulation tests. This syndrome can last in
humans for a long as two weeks and has been described in a dog lasting as
long as one week. The typical clinical presentation involves a transient
improvement in laboratory and other clinical parameters following anti-
venom treatment only to be followed by recurrent signs because of the
continued slow absorption of venom from the original bite site.
Conclusion: This cat documents the first such case of persistent
envenomation.
Keywords: pit viper, persistent envenomation, persistent envenomation in
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a cat, venom-induced coagulopathy

FIGHT AND FLIGHT! RAPTORS, ENVENOMATION AND ANTIVENOM

A. Siegrist. Arizona Sonora Desert Museum, Tucson, AZ, USA
E-mail address: audrey_siegrist@hotmail.com

Background: Both in their enclosures and during free flight, captive birds
of prey may encounter native wildlife, including venomous species. In
Arizona, this includes rattlesnakes (Crotalus species) and scorpions
(including Centruroides sculpturatus), both of which are potential prey
items. Little is known about the effects of envenomation on birds of prey,
or about use of antivenom for its treatment. We describe two cases of
envenomation in raptors.
Case 1: An adult female red-tailed hawk was bitten by a rattlesnake
(Ctotalus atrox) during a free-flight exhibition. Within 20 minutes, local
swelling, respiratory distress, and shock were apparent. Equine polyvalent
antivenom was administered intravenously, but after infusion of 0.4 vials
the hawk underwent an apparent anaphylactic reaction. This responded to
epinephrine. Blood clotting (20 minute whole blood clot test) and swelling
improved within one hour of antivenom administration.
Case 2: A young adult male caracara was stung by a scorpion within his
enclosure. Within minutes he developed ataxia, agitation, muscle tremors,
bradycardia, respiratory distress, ptylism and regurgitation. Minutes after
equine F(ab’)2 antivenom administration (one vial, intravenous), most
symptoms resolved.
Discussion: Captive birds are exposed to the natural environment in
falconry and in public free flight demonstrations. The proximity of such
activities to skilled veterinary care affords a rare opportunity to observe
and intervene when predators are envenomated. Snakebite in Case 1
resulted in signs similar to those more commonly observed in mammals,
and these resolved with specific treatment despite a severe adverse re-
action to the equine antivenom infusion. Scorpion sting in Case 2 caused a
neurologic syndrome similar to that reported in mammals, but this was
accompanied by severe bradycardia, in contrast with tachycardia in
mammals. Resolution of cardiac and neurotoxicity was rapid following
administration of specific antivenom. Successful management of anaphy-
laxis in birds of prey requires advance preparation before administration of
antivenom, to minimize delay in resuscitation. The absence of adverse
effects in Case 2 is consistent with greater safety of highly purified equine
F(ab’)2 antivenom, as reported in human patients. A collaborative approach
to treatment of envenomation is useful, particularly when the combination
of predator-victim and prey-aggressor is uncommon in veterinary care.
Conclusion: Captive birds of prey are vulnerable to potentially life-
threatening envenomation by their prey items, including rattlesnakes and
neurotoxic scorpions. Prompt intervention, including antivenom, can be
lifesaving. Toxicology consultation and readiness to treat anaphylaxis
greatly improve outcomes.
Keywords: Raptor, rattlesnake, scorpion, antivenom

DOSE DEPENDENT EFFECTS OF CORM-2 ON MITIGATING RATTLESNAKE
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Background: Rattlesnake envenomation affects thousands of dogs annu-
ally in the United States; many will develop coagulopathy that reduces
coagulation and accelerates fibrinolysis. Unfortunately, the current gold
standard of antivenom therapy is expensive, non-specific, and variably
successful. Therefore, investigation into alternative therapies for venom-
induced coagulopathy is essential for improving the efficacy of medical
treatment. Recent in vitro research on human and canine plasma shows
that carbon-monoxide-releasing-molecule-2 (CORM-2) effectively re-
duces the pathologic effects of rattlesnake venom by making fibrinogen
more resistant to cleavage. However, whole blood pilot studies have shown
that the same dose of CORM-2 that strengthens clots in plasma inhibits
platelet function and reduces clot strength.
Method: In this whole blood in vitro study, we sought to find an ideal dose
of CORM-2 for canine whole blood exposed to prairie rattlesnake (Crotalus
viridis) venom. We hypothesized that there is an optimal dose of CORM-2
that mitigates rattlesnake venom-induced coagulopathy by preventing
fibrinolysis, while not interfering with platelet function. Thromboelas-
tography (TEG) was used to measure various dynamics of clot formation in
canine whole blood exposed to prairie rattlesnake venom in vitro.
Discussion/Conclusion: Although this study is still ongoing, preliminary
data suggests that there is a dose-dependent effect of CORM-2 on the
coagulation of canine whole blood exposed to prairie rattlesnake venom in
vitro. If successful, this treatment could greatly impact the effectiveness of
treatment for snake envenomation by making therapy more affordable
and accessible.
Keywords: CORM-2, rattlesnake, coagulopathy, thromboelastography
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